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A B S T R A C T 

We present the first results of the JWST Emission Line Surv e y (JELS). Utilizing the first NIRCam narrow-band imaging at 
4.7 μm, o v er 63 arcmin 

2 in the PRIMER/COSMOS field, we have identified 609 emission line galaxy candidates. From these, 
we robustly selected 35 H α star-forming galaxies at z ∼ 6 . 1, with H α star-formation rates ( SFR H α) of ∼ 0 . 9 − 15 M � yr −1 . 
Combining our unique H α sample with the exquisite panchromatic data in the field, we explored their physical properties and 

star-formation histories, and compared these to a broad-band selected sample at z ∼ 6 which has offered vital new insights into 

the nature of high-redshift galaxies. UV-continuum slopes ( β) were considerably redder for our H α sample ( 〈 β〉 ∼ −1 . 92) 
compared to the broad-band sample ( 〈 β〉 ∼ −2 . 35). This was not due to dust attenuation as our H α sample was relatively dust- 
poor (median A V = 0 . 23); instead, we argue that the reddened slopes could be due to nebular continuum. We compared SFR H α

and the UV-continuum-derived SFR UV 

to SED-fitted measurements av eraged o v er canonical time-scales of 10 and 100 Myr 
( SFR 10 and SFR 100 ). We found an increase in recent SFR for our sample of H α emitters, particularly at lower stellar masses 
( < 10 

9 M �). We also found that SFR H α strongly traces SFR averaged over 10 Myr time-scales, whereas the UV-continuum 

o v erpredicts SFR on 100 Myr time-scales at low stellar masses. These results point to our H α sample undergoing ‘bursty’ star 
formation. Our F356W z ∼ 6 sample showed a larger scatter in SFR 10 / SFR 100 across all stellar masses, which has highlighted 

ho w narro w-band photometric selections of H α emitters are key to quantifying the b urstiness of star -formation activity. 

Key words: galaxies: emission lines – galaxies: evolution – galaxies: high-redshift – galaxies: star formation – surv e ys –
reionization. 
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 I N T RO D U C T I O N  

rguably one of the most fundamental measurements in galaxy
ormation and evolution studies is the evolution of the cosmic star-
ormation rate density ( ρSFR ) across cosmic history (see compre-
ensi ve re vie w from Madau & Dickinson 2014 ). In addition, it is
mportant to study the distribution function of ρSFR amongst the
 E-mail: corey.pirie@ed.ac.uk 
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alaxy population as a function of galaxy properties such as stellar
ass, morphology, and metallicity (e.g. Sobral et al. 2014 ; Curti

t al. 2020 ; Nakajima et al. 2023 ), as well as galaxy environment,
t different redshift epochs. Determining ρSFR at any given epoch
equire selections of large and unbiased samples of star-forming
alaxies, with accurately determined star-formation rates (SFR). 

In the decade prior to the launch of the JWST , extragalactic surveys,
ombining observations from both the Hubble Space Telescope
 HST ) and the Spitzer Space Telescope , mapped the evolution of
tar-forming galaxies and their contribution to ρSFR beyond the peak
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tar-forming epoch at ‘cosmic noon’ ( z ∼ 2), right the way out to
edshifts z∼ 9 (e.g. Ellis et al. 2013 ; McLure et al. 2013 ; Finkelstein
t al. 2015 ; McLeod et al. 2015 ; McLeod, McLure & Dunlop 2016 ;
esch et al. 2018 ; Bouwens et al. 2021 , 2022 ). Here, the selection
f high-redshift galaxies utilized their rest-frame ultra-violet (UV) 
mission, either by direct Lyman continuum break colour selection or 
y using photometric redshift (photo- z) measurements which were 
trongly driven by the position of the Lyman break feature. As a
tar-formation tracer, the rest-UV wavelength regime traces emission 
rom the brightest, short-lived ( ≤ 100 Myr) stellar populations within 
alaxies and so traces recent star formation, but is also significantly 
ttenuated by dust. 

At cosmic noon, star formation in galaxies, and hence measure- 
ents of the ρSFR , are dust-obscured by around 85 per cent on average

e.g. Ibar et al. 2013 ; Dunlop et al. 2017 ; Thomson et al. 2017 ; Traina
t al. 2024 ) and this becomes particularly important at high stellar
asses (e.g. Whitaker et al. 2017 ; Shen et al. 2023 ). The impact

f dust extinction appears to decline at higher redshifts, with the 
niverse transitioning from primarily obscured star formation at z� 

 to primarily dust-unobscured star formation at z� 5 (Dunlop et al.
017 ; Bouwens et al. 2020 ). Ho we ver, the impact of dust on our
icture of galaxy formation and evolution at high redshift may still
e significant (e.g. Swinbank et al. 2014 ; Gruppioni et al. 2020 ;
owler et al. 2022 ; Algera et al. 2023 ; Álvarez-M ́arquez et al. 2023 ;
avala et al. 2023 ); where samples arising from rest-frame UV-driven 
hoto- z selections could be biased, with measurements depending on 
he prior assumptions on the UV-continuum slopes and emission line 
roperties (Arrabal Haro et al. 2023 ; Larson et al. 2023 ). Therefore,
his selection technique carries a high risk that systematic effects may 
ffect both the selection of the galaxy sample and the determination 
f their physical properties (c.f. Oteo et al. 2015 ). 
Since the launch of the JWST (Rigby 2023 ), the high-redshift

rontier has been extended with the disco v ery of z> 10 star-forming
alaxies through their rest-fame UV emission, with samples allowing 
he measurement of ρSFR out to z � 15 (e.g. Naidu et al. 2022 ;
arikane et al. 2023 ; Donnan et al. 2023a , b , 2024 ; Adams et al.
024 ; McLeod et al. 2024 ). These selected high-redshift star-forming
alaxies have then been targeted for follow-up multi-object and IFU 

pectroscopy using the NIRSpec instrument (Jakobsen et al. 2022 ) to 
tudy their physical properties in great detail, including their ionized 
as through measurements of the H α emission line up to z∼ 6.5 
e.g. Cameron et al. 2023b ; Shapley et al. 2023 , 2025 ; Sanders et al.
023 , 2024 ; Roberts-Borsani et al. 2024 ). The H α emission line is a
ell-calibrated SFR indicator, providing a clean and highly sensitive 

election criterion which is less attenuated by dust compared to the 
V-continuum. This emission line traces the recombination of gas 

onized by UV photons from star-forming regions and traces star- 
ormation activity time-scales of ≤ 10 Myr. 

Studying the star-formation properties of galaxies by using their 
mission lines can provide a complementary view of cosmic star- 
ormation, but only if the biases that might be associated with the
re-selection of rest-frame UV/optical selected galaxies for targeted 
pectroscopic surv e ys are a v oided. To achieve this, untargeted selec-
ion of high-redshift emission line galaxies, such as those selected 
ased on their H α emission, is optimal. JWST has achieved this using
 variety of different techniques. The NIRCam instrument (Rieke, 
elly & Horner 2005 ; Rieke et al. 2023 ) has been used to perform
oth slitless grism spectroscopy (e.g. Matthee et al. 2023 ; Oesch et al.
023 ) and medium-band imaging surv e ys (e.g. Rinaldi et al. 2023 ;
illiams et al. 2023 ). Both techniques have enabled the selection 

f H α-emitting galaxies beyond cosmic noon and found them to be
ompact in nature, with some exhibiting signs of hosting an active 
alactic nucleus (AGN; e.g. Guo et al. 2024 ). In addition, the first
easurements of the H α luminosity functions (LF) have now been 
ade out to the Epoch of Reionization at z > 6 (Sun et al. 2023b ;
o v elo-P az et al. 2025 ; Fu et al. 2025 ). Ho we v er, these surv e ys are re-

tricted to sources with higher line fluxes or equi v alent widths ( EW ).
In this paper, we explore the complementary approach of a narrow-

and surv e y, selecting emission line galaxies in a clean and sensitive
ay, utilizing the ability to separate line emission from continuum 

mission. The narrow-band technique has been used to select 
mission line galaxies at lower redshifts (e.g. the HiZELS Surv e y;
each et al. 2008 ; Best et al. 2013 ; Sobral et al. 2013 ). Despite
arrow-band selections probing smaller volumes than either grism 

pectroscopy or medium-band imaging, narrow-band surv e ys hav e 
e veral adv antages. First, narro w-band filter sensiti vities allo w mea-
urements of fainter line fluxes (reaching a factor of 2–4 fainter than
ther approaches). Secondly, the filter widths allow a clean selection 
f emission line galaxies across cosmic time based on line strength
nly (which traces the SFR) without bias towards sources with high-
W . Thirdly, the narrow-band images provide a direct, spatially 

esolved map of ionized gas (star formation) across the galaxies. 
The capability to conduct wide-area and high-sensitivity obser- 

ations has enabled ground-based narrow-band imaging to select 
obust samples of 100s of H α emitters out to z ∼ 2 . 2 and map out
heir evolution o v er cosmic time (e.g. Geach et al. 2008 ; Hayes,
chaerer & Östlin 2010 ; Sobral et al. 2011 , 2013 , 2014 ; Cochrane
t al. 2017 , 2018 ; Harish et al. 2020 ). Narrow-band selections of
 α emission line galaxies have proven successful, with follow-up 

pectroscopic observations confirming the identity and redshifts of 
hese emission line galaxies, as well as providing further information 
n their physical properties (e.g. Swinbank et al. 2012 ; Stott et al.
013 , 2014 ; Molina et al. 2017 ; Cochrane et al. 2021 ). Importantly,
WST offers the opportunity to extend this approach back to the
poch of Reionization and gain a complete picture of the evolution of
mission line galaxies across cosmic time. The NIRCam instrument 
s able to o v ercome the redshift limitation from the ground, thanks to
he long-channel narrow-band filters, which probe wavelengths out 
o 4.7 μm : F466N and F470N. Observations in these filters are part
f the ‘ JWST Emission Line Surv e y’ (JELS; GO 2321; PI: Philip
est). 
The JELS narrow-band observations were taken in the F466N, 

470N, and F212N filters (as outlined in Duncan et al. 2025 ) to
elect H α emission line galaxies at z = 6.1 and z = 2.2 in an
ntargeted manner across cosmic history. Multiwavelength ancillary 
maging from the public JWST Treasury Programme, Public Release 
Maging for Extragalactic Research (PRIMER; GO 1837; PI: Dunlop 
t al. 2021 ), aided in the physical characterization of these emission
ine-selected sources. This wealth of multiwavelength ancillary 
ata crucially provides access to the rest-frame UV-continuum; 
ogether with the H α line measurements, this enables studies of the
ime-scales of star-formation activity in these narrow-band selected 
alaxies. 

This paper focuses on the z = 6 . 1 JELS population, and in
articular utilizes both H α-to-UV comparisons and spectral energy 
istribution (SED) fitting to study the physical properties, star 
ormation histories, and dust properties of the galaxies. Previous 
tudies of the H α-to-UV luminosity ratio in star-forming galaxies 
ave found that higher ratios are indicative of higher dust extinction
nd, potentially, show a dependence on metallicity (e.g. Theios et al.
019 ). Ho we ver, this ratio also depends on recent ‘burstiness’ of
tar-formation activity, due to the different response time-scales of 
he two indicators to changes in instantaneous SFR (e.g. Weisz et al.
012 ; Emami et al. 2019 ; Faisst et al. 2019 ; Atek et al. 2022 ). The
MNRAS 541, 1348–1376 (2025) 
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Figure 1. The JELS narrow-band image surv e y footprint and corresponding 
F466N image in the COSMOS field taken from JWST /NIRCam at 4.7 μm. 
In addition, the multiwavelength ancillary imaging survey footprints include: 
(i) PRIMER utilizing JWST /NIRCam imaging in eight filters from 0.9 to 4.5 
μm, (ii) 3D- HST utilizing HST WFC3/IR imaging at 1.4 μm, (iii) CANDELS 
utilizing HST WFC3/IR imaging in three filters from 1.25 to 1.6 μm, and (iv) 
CANDELS utilizing HST ACS/WFC imaging in two filters from 0.6 to 0.8 
μm (see surv e y and filter descriptions in Table 1 ). 
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b urstiness’ of star -forming galaxies at high-redshift likely impacts
he inferred galaxy properties (Endsley et al. 2023 ; Simmonds et al.
024 ) and observed populations (e.g. UV luminosity functions; Sun
t al. 2023a , c ). Therefore, comparing the selections and properties
f H α emission line selected star-forming galaxies to those selected
rom rest-frame UV-continuum based indicators is important when
onsidering the whole star-forming galaxy population o v er cosmic
ime, and JELS provides the opportunity to investigate this. 

The paper is laid out as follows. In Section 2 , we outline the
ata sets utilized in this analysis, including the JELS narrow-band
bservations and the additional multiwavelength ancillary data sets
rom both JWST and HST instruments. In Section 3 , we describe
he methodology for creating the multiwavelength detection cata-
ogues, including performing forced photometry using the ancillary
ultiwavelength imaging, the catalogue cleaning steps, and the

hotometric redshift analysis for the detected sources. We present
he narrow-band excess source selection criteria and the resulting
ample of emission line galaxy candidates, focusing on the z> 6 H α

mission line galaxy sample, in Section 4 . In Section 5 , we explore
he physical properties of the H α emission line sample, such as their
tellar masses, star-formation rates (SFRs), and dust content, and
ompare these against a broad-band photo- z-selected comparison
ample at the same epoch. We then discuss the nature of these
 α emission line galaxies in the context of previous results from
bservations and simulations, focusing on impact of dust attenuation
nd star-formation activity, in Section 6 . Finally, we draw conclusions
n Section 7 . We adopt the following cosmological parameters in all
osmological calculations: H 0 = 70 km s −1 Mpc −1 , �M 

= 0.3, and
� 

= 0.7. All magnitudes are in the AB system (Ok e 1974 ; Ok e &
unn 1983 ). 

 OBSERVATIONS  A N D  C U R R E N T  DATA  SETS  

he JELS narrow-band observations (see surv e y footprint in Fig. 1 )
re described in full in Duncan et al. ( 2025 ). In summary, we utilized
he JWST /NIRCam long-wavelength filters F466N and F470N (see
able 1 for filter properties and Fig. 2 for filter transmission curves).
n parallel, we observed the same field in the short-wavelength
hannel using the F212N ( λpivot = 2.1213 μm and 	λ = 0.0274 μm)
nd F200W filters, but these data were not considered in this paper
see discussion in Duncan et al. 2025 ). The JELS observations used
 3 × 3 mosaic strategy with 57 per cent o v erlap between columns,
nd adopted the ‘Medium8’ observing strategy with 9 groups for
he F466N filter and 10 groups with the F470N filter, which gives

1000s on-sky per observation. A 3-point intramodule dithering
attern, with two sub-pixel dithers at each location, was then used
o account for bad pixels and cosmic rays. This observation setup
av e continuous co v erage o v er an area of 63 arcmin 2 of the Cosmic
volution Surv e y (COSMOS) field with central coordinates (RA,
ec) = (150.125, 2.333) deg. The on-sky integration time was ∼ 6
s o v er the full mosaic (see Fig. 1 ) with double-depth imaging ( ∼
2 ks) o v er the central ∼ 40 per cent of the mosaic. This totalled to
3.0 hours of programme time. 
As shown in Fig. 1 , the narrow-band observations o v erlapped in

rea with high quality HST imaging data, mainly from the Cosmic
ssembly Near-IR Deep Extragalactic Le gac y Surv e y (CANDELS;
rogin et al. 2011 ; Koekemoer et al. 2011 ) observed using the WFC3

nd ACS instruments, which provides multiwavelength coverage
rom the UV through to 1.6 μm. Further imaging o v er a smaller
rea was also available from the 3D- HST surv e y (Brammer et al.
012 ) and UVCANDELS (Teplitz 2018 ). In addition, this same field
as selected for the PRIMER surv e y which pro vides JWST /NIRCam
NRAS 541, 1348–1376 (2025) 
maging in eight filters. This combined data set provided high-
esolution space-based imaging from UV to IR wavelengths. Fig. 2
hows the filters used from both HST and JWST observations
nd Table 1 shows the filter pivot wavelengths ( λpivot ), ef fecti ve
idths ( 	λ), point-spread function (PSF) full-width half-maximum

FWHM) values, 5 σ global depths (see description in Section 3.2.2 ),
lter dependent Galactic extinction values and survey areas for all

he multiwavelength imaging in addition to narrow-band imaging.
he complete JELS surv e y area (63 arcmin 2 ; see Fig. 1 ) o v erlapped
ith the combined HST and PRIMER footprints, resulting in nearly
100 per cent of sources identified in the JELS imaging having rich
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Table 1. Key properties of the multiwavelength data in the COSMOS-CANDELS field. For each filter, we include the pivot 
wav elength λpiv ot , ef fecti ve width 	λ, median PSF FWHM (assuming a Moffat profile), 5 σ depths (estimated from the variance 
of empty, source free 0.3 arcsec diameter apertures), the filter dependent Galactic extinction values A filter / E( B − V ), and the 
approximate area co v ered by each surv e y. 

Surv e y/Detector Filter λpivot 	λ PSF FWHM 5 σ Depth A filter / E( B − V ) Area 
( μm) ( μm) (arcsec) (mag) (mag) (arcmin 2 ) 

HST WFC3/UVIS 

UVCANDELS F275W 0.2702 0.0416 0.09 27.08 6.19 117 

HST ACS/WFC 

UVCANDELS F435W 0.4330 0.0822 0.11 28.08 4.09 143 
CANDELS + 3D −HST F606W 0.5922 0.1772 0.09 28.00 2.71 278 

F814W 0.8046 0.1889 0.10 27.98 1.68 

HST WFC3/IR 

CANDELS F125W 1.2486 0.2674 0.12 27.65 0.80 203 
F160W 1.5370 0.2750 0.18 27.72 0.57 

3D −HST F140W 1.3923 0.3570 0.15 27.02 0.66 124 

JWST /NIRCam 

PRIMER F090W 0.9021 0.1773 0.05 27.95 1.40 144 
F115W 1.1543 0.2055 0.06 27.96 0.92 
F150W 1.5007 0.2890 0.06 28.15 0.59 
F200W 1.9886 0.4190 0.07 28.34 0.39 
F277W 2.7617 0.6615 0.11 28.71 0.25 
F356W 3.5684 0.7239 0.13 28.87 0.19 
F410M 4.0822 0.4263 0.15 28.17 0.16 
F444W 4.4043 1.0676 0.15 28.51 0.14 

JELS F466N 4.6541 0.0535 0.17 26.28 0.14 63 
F470N 4.7078 0.0510 0.17 26.24 0.14 

Figure 2. The broad and narrow-band filter profiles and associated transmission for the JWST and HST filters from the COSMOS-CANDELS, PRIMER and 
JELS surv e ys. Note, the F212N filter (used for the short-wavelength channel JELS observations) is included for completeness but was not utilized in this 
analysis. 
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ncillary multiwavelength data. In addition, the high resolution of 
he HST and JWST imaging meant we could perform point spread 
unction (PSF) homogenization (see Section 2.1 ) across a wide 
avelength range and study multiwavelength resolved properties of 

he galaxies even at high-redshift. 
Data reduction of the JELS and PRIMER NIRCam imaging was 

erformed using the PRIMER Enhanced NIRCam Image Processing 
ibrary ( PENCIL ; Dunlop et al. in preparation) software. The pipeline
utputted the main science images along with the weight maps 
exposure time maps) and RMS images (which take the standard 
eviation of the science image and incorporate the Poisson and read
oise). The reduced imaging was astrometrically aligned to GAIA 

R3 (Gaia Collaboration 2023 ) and stacked to the same pixel scale
f 0.03 arcsec. The HST ancillary imaging was re-scaled to the JELS-
RIMER area with matched pixel scale. Both narrow-band mosaics 
ere affected by scattered light contamination during observation of 

he COSMOS field: the F470N had four and the F466N had one of
he constituent pointings af fected, respecti vely. This was accounted 
or in the image reduction stage (see Duncan et al. 2025 ) through
ubtraction of scattered light templates generated from the JELS 
MNRAS 541, 1348–1376 (2025) 
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Figure 3. The fractional enclosed flux as a function of aperture radius (i.e. 
the curve of growth) for the filters used in this analysis ( F ( < r) obs ) relative 
to that of the target empirical F160W PSF ( F ( < r) targ ), which is the filter 
with the broadest PSF and hence lowest resolution. We assume that 100 per 
cent of the flux is enclosed in a 1.0 arcsec radius. Here, the dotted and dashed 
lines show the ratio for each filter before and after convolution, respectively. 
The solid black line shows the ratio to the target PSF (unity) and the shaded 
region shows ±2 per cent of the target PSF. 
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maging. This was successful in removing most of the scattered
ight contamination (that could otherwise be picked up as source
etections) in both the F466N and F470N mosaics. There was,
o we ver, still some lo w-le vel residual scattered light contamination
eft o v er in both mosaics (particularly in the F470N image) and so
isual inspection was required for final samples of line emission
alaxy candidates (see Section 4.2 for how this was carried out for
he H α emission line galaxy sample at z > 6). 

.1 PSF homogenization 

o accurately characterize the narrow-band selected emission line
alaxies (including the population of H α emission line galaxies at
 > 6) and determine of their physical properties, we homogenized
ll the available HST and JWST imaging to a common PSF. Empirical
SFs were generated through the stacking of bright and unsaturated
tars in the rele v ant field for a given filter. For the HST filters, stars
ere identified from the Gaia DR3 catalogue (Gaia Collaboration
023 ), using the mean g-band magnitude measurements to better
elect stars with prominent UV-optical emission. For the JWST
lters, selecting stars from the Gaia catalogue was not suitable due

o the large wavelength difference between these observations and
he g-band. Therefore, stars were identified by selecting sources
ith small half-light radii and bright magnitude measurements in
 preliminary narrow-band detected catalogue built from the native-
esolution JWST NIRCam imaging. For each filter, a magnitude range
as then adopted to remo v e saturated stars that could broaden our
SF measurements; this was further enforced by visual inspection.
nce the star samples were selected for each filter, the stars were

entred (which involved re-pixelating to a smaller scale to minimize
entroiding issues) and stacked using a bootstrapping method to
enerate PSF stacks in each filter. The PSF FWHM values were
easured by fitting a Moffat profile to the PSF stacks for each filter;

hese can be found in Table 1 . 
Our measured empirical PSF FWHMs were comparable to the

mpirical measurements made during commissioning (Rigby et al.
023 ) and to simulated models from WebbPSF (Perrin et al. 2014 )
hough were typically larger by ∼ 0.01 arcsec; this was due to a
ombination of centering errors in the empirical stacks, smearing
ue to dithering and mosaicing of the individual frames, and the
WST PSF not being perfectly mapped by a Moffat model (due to
he airy disk nature and prominent diffraction spikes). Note that the

offat models were only fitted to obtain an estimate for the PSF
WHM in each filter and were not used in the image convolutions. 
We then employed the PYPHER package (Boucaud et al. 2016 )

o generate convolution kernels for each filter, using the empirical
SF stacks and the circularized average of the target PSF. Our target
SF was the HST /WFC3 IR F160W filter, due to it exhibiting the
roadest PSF ( FWHM ∼ 0 . 18; see Table 1 ). These kernels were then
sed to convolve the rele v ant images. Fig. 3 sho ws that the PSFs of
he convolved images agree to within 2 per cent of the target within a
.2 arcsec radius, demonstrating that our convolved PSF distributions
and hence source photometric measurements) were consistent across
ll filters. 

 MULTIWAV ELENGTH  C ATA L O G U E S  

arrow-band imaging is crucial for selecting star-forming galaxies
ased on their emission lines at different redshift epochs. How-
ver, PSF-homogenized photometry is crucial for identifying which
mission line is being detected and obtaining the multiwavelength
roperties of the galaxies. For H α emission line galaxies at z > 6,
NRAS 541, 1348–1376 (2025) 
his included obtaining constraints on the rest-frame UV and optical
pectrum to measure physical properties such as dust attenuation and
heir star-formation activity on different time-scales (see Section 5 ).

In this section, we discuss the creation of multiwavelength
atalogues which were built for sources detected on the native
esolution JELS narrow-band (F466N and F470N) and PRIMER
356W imaging, with forced photometry then performed on the
ull set of PSF-homogenized multiwavelength imaging (omitting
he narrow-bands for the F356W detected catalogue). From these
arrow-band catalogues, we selected narrow-band excess sources
see Section 4.1 ) corresponding to emission line galaxy candidates,
nd analysed their multiwavelength properties. The creation of our
356W detected catalogue was then instrumental in allowing the
hysical properties of the H α emission line galaxies to be compared
o those selected photometrically on their rest-frame UV/optical
road-band photometry at the same epoch (see Section 4.3 ). The
356W filter was chosen for the task since it was the most sensitive
lter out of the PRIMER data sets (see table 1 of Donnan et al. 2024 ).

.1 Source detection 

ource detection was performed using SEXTRACTOR (Bertin &
rnouts 1996 ). The software was run in ‘dual mode’, using a native-

esolution source detection image (JELS F466N, JELS F470N, or
RIMER F356W) and then we performed forced photometry across
ll the convolved multiwavelength imaging, producing F466N,
470N, and F356W detected catalogues respectively. Optimal SEX-
RACTOR parameters (see Table 2 ) were found by running a range
f source extractions on smaller cutouts of the native-resolution
466N, F470N, and F356W mosaics and testing the background,
etection, and de-blending parameters. To validate the astrometric
ccuracy of the JELS imaging, we cross-matched the narrow-band
etected catalogues with the F356W detected catalogue and found
 global offset of just ∼0.5 pixels (0.015 arcsec) confirming the
orld coordinate system (WCS) between the JELS and PRIMER
bservations were matched to high level of accuracy. 
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Table 2. Key SEXTRACTOR background, detection, and de- 
blending parameters used for the F466N, F470N, and F356W 

detection images. 

Parameter Value 

BACK SIZE 128 
BACK FILTERSIZE 5 
DETECT THRES 1.7 
DETECT MINAREA 9.0 
FILTER gauss 3 . 0 7x7 
DEBLEND NTHRES 16 
DEBLEND MINCONT 0.001 
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Figure 4. Plot showing the standard deviation of the flux values measured 
in the main science image for empty apertures of a given size, as a function 
of the value measured through the same aperture on the F466N RMS map 
outputted from PENCIL . The aperture diameters for the 0.3, 0.6, 0.9, and 
2.0 arcsec measurements of the main science images and RMS maps are 
shown. The weighted linear fitted relation allows the flux uncertainty due to 
background subtraction to be estimated for each source, based on the RMS 
map value at its location. This uncertainty was then added in quadrature to 
the flux uncertainty outputted from SEXTRACTOR to give a more accurate flux 
uncertainty on a source-by-source basis. 
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.2 Photometric measurements 

e measured source fluxes from all the convolved images from the 
ST and JWST filter set for sources detected in the F466N, F470N,

nd F356W images, using four aperture diameter values of 0.3, 
.6, 0.9, and 2.0 arcsec. The choice of 0.3 arcsec diameter aperture
easurements was to maximize the signal-to-noise ratio (SNR) 
hen applying a criteria for source detection (see Section 3.3.1 ), 

or measuring high SNR source colours when identifying narrow- 
and excess sources (see Section 4.1 ), and to accurately constrain 
ource photo- z’s (see Section 3.4 ). The 0.6 arcsec aperture diameter
easurement was chosen to increase the light collection area when 

alculating source line fluxes (see Section 4.1 ), and used to perform
ED fitting (see Section 5.1 ) and thus obtain accurate physical 
arameter estimates (for example, stellar mass). The 0.9 and 2.0 
rcsec aperture diameter measurements were chosen to accommodate 
ore extended sources which require larger apertures to acquire 

otal fluxes. Note that only the 0.3 and 0.6 arcsec aperture diameter
easurements were utilized in the analysis of this paper; these 

pertures capture ∼50 per cent and ∼82 per cent, respectively, of
he total light assuming a point source. In this paper, we did not
pply aperture corrections to our photometry, or to the empirical or
ED-derived physical properties for our H α emission line galaxies 
t z > 6 (see Section 4.1 ). Ho we ver, because we used the PSF-
omogenized photometry with consistent aperture sizes for all of 
ur analyses, all properties (both empirical and SED-derived) were 
etermined consistently and so could be directly compared. We note 
hat the convolved PSFs vary by only ∼2 per cent for 0.3 arcsec
iameter apertures, which is lower than the minimum 5 per cent 
rrors we enforced for the photometric redshift and SED fitting (see 
lso Section 5.1 ), and that in any case the photometric redshift fitting
ccounted for any remaining systematic offsets (see Section 3.4 ). 

.2.1 Galactic extinction corrections 

e used the position of each detected source to compute Galac- 
ic extinction corrections using the Schlegel, Finkbeiner & Davis 
 1998 ) map and the DUSTMAPS package (Green 2018 ). The output
( B − V ) reddening value for each source was then multiplied by
 filter dependent factor (see Table 1 ) derived from the given filter
ransmission curve and the Milky Way extinction curve (Cardelli, 
layton & Mathis 1989 ). The PSF-homogenized photometry was 

hen corrected for extinction using the method described in ap- 
endix A of Fitzpatrick ( 1999 ). 

.2.2 Computation of photometric errors 

he flux uncertainties reported by SEXTRACTOR typically under- 
stimate the total uncertainties; this is a well-known issue. SEX- 
RACTOR only accounts for the photon and detector noise and 
ot any background subtraction errors or correlated noise from 

e-sampling the pixel scale during image co-addition. Therefore, an 
dditional flux uncertainty due to the variation in the background 
oise needed to be calculated and then combined in quadrature 
ith the flux errors outputted from SEXTRACTOR (e.g. Bielby et al.
012 ; Laigle et al. 2016 ; Kondapally et al. 2021 ) to provide more
ccurate flux uncertainties. For uniform-noise images, this can be 
chieved globally by placing apertures (of the same size used for the
hotometric measurements) across source-free regions of the image; 
easuring the RMS scatter (standard deviation) between them then 

ives the global 1 σ variation, or image depth. Our images were not
niform in depth, so we adopted a more sophisticated approach. 
To account for the varying depth within the JELS and PRIMER im-

ges, we made use of the RMS maps produced in the image reduction
tage (described in Section 2 ) and the segmentation map outputted
rom SEXTRACTOR . First, fluxes were measured in random isolated 
pertures (matching the size for the rele v ant aperture photometric
easurement) for a given mosaic and filter. Apertures that were in

reas of genuine sources (identified using the segmentation map) 
ere then excluded. Secondly, aperture values were then extracted 

n the same manner as the science images but now for the RMS
mages. For a given aperture size, the fluxes measured from the
cience images were then binned by RMS value obtained from the
MS map. The standard deviation of the aperture flux measurements 
er RMS bin was then taken. Plotting the binned RMS value against
he measured standard deviation of the aperture fluxes in that given
in gives a near-linear relation for each filter (see Fig. 4 for an
xample of this fit for the F466N image). The total photometric
ncertainty for a given source was then calculated by taking the flux
ncertainty reported by SEXTRACTOR and adding in quadrature the 
ux uncertainty which corresponds to the RMS measured from the 
MS map at the same position for the given aperture size. These flux
rrors were also then translated into errors in magnitude. Note, the
ombination of the dither pattern and drizzling (e.g. Fruchter & Hook
002 ) in the image reduction stage meant that the standard deviation
MNRAS 541, 1348–1376 (2025) 
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Table 3. Mask sizes chosen for stars identified in the JELS 
field binned by narrow-band magnitude. 

Narrow-band magnitude range Circle radius (arcsec) 

< 17 Dedicated mask 
17–18 6.0 
18–19 5.0 
19–20 2.0 
20–21 1.0 
21–22 1.0 
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etween pixels (and hence photometric uncertainty) was probably
nderestimated due to correlated noise. Ho we ver, this was likely
n the ∼10 per cent level and was accounted for by implementing
 minimum of 5 per cent error on photometric measurements for
hoto- z and SED fitting (again, see Sections 3.4 and 5.1 ). 

.3 Catalogue cleaning 

.3.1 Cleaning low significance detections and artefacts 

o reduce the artefact contamination in our catalogues, we remo v ed
ources in our F466N, F470N, and F356W detected catalogues
hich have SNR < 5 in the detection filter for 0.3 arcsec diameter

perture photometric measurements. Inspection and examination of
he fraction of these sources detected in other filters suggested a
reatly increasing fraction of spurious sources and artefacts going
elow this SNR threshold. Even if these sources were real, they were
oo faint for reliable scientific exploitation. 

It is important to realize that spurious detections in the F466N
r F470N images that were picked up with a SNR > 5 were very
ikely to be identified as narrow-band excess selected sources due to
he likely non-detection in the complementary filter. Therefore, there
ould be a high-contamination fraction in the excess source catalogue
see Section 4 ) even if the contamination fraction was lower in the
arent multiwavelength catalogue. Cosmic rays were an example of
ontamination that appeared to be high-SNR compact sources (see
xamples in Section 4.2 ) that were found predominantly at the edges
f the mosaics due to there being fewer o v erlapping e xposures from
he dither pattern of the JELS observations (see Section 2 ). To remo v e
hese artefacts, we enforced that sources in the catalogue must have a
alf-light radius > 1.5 pixels (measured using SEXTRACTOR ); visual
nspection of sources below this threshold revealed that they were all
osmic ray-like artefacts. 

To further combat catalogue contamination, we also required that
ources in our narrow-band selected catalogues have SNR > 5 in
heir F356W photometric measurements (this was the most sensitive
RIMER filter – see Section 3 ). This SNR cut in the F356W filter did
ose a risk of missing genuine and very high- EW sources which do
ot have a continuum detection; such extreme emission line sources
av e been observ ed into the Epoch of Reionization (e.g. Endsley et al.
023 ; Llerena et al. 2024 ). Ho we ver, this was not a significant risk for
ur H α emission line galaxy sample (see Section 4.2 ) since at z∼ 6
here H α is detected in the JELS narrow-bands, the [O III ] emission

ine falls within the F356W broad-band: any source with significant
 α EW w as lik ely to be a strong [O III ] emitter and therefore detected

n the F356W filter. To test this expectation, we visually inspected
he narrow-band selected sources (with narrow-band SNR > 5) and
hotometric redshifts abo v e z = 5 . 5 (see Section 3.4 ) which had no
ignificant detection in other filters in the mosaic and found that all of
hese sources appeared to be artefacts. For the lower redshift sample
f emission line galaxies (such as the Paschen- α and β emitters), we
xpected lower- EW emission lines, and the peak of the strong stellar
ontinuum ‘bump’ at rest-frame 1.6 μm (e.g. John 1988 ) would
ontribute strongly to the F356W filter and so the risk of losing
enuine emitters remained low, although it might potentially affect
 aschen- α emitters with v ery young stellar populations, resulting in

ower continuum emission around the emission line and hence high
W s (less likely for P aschen- β). It is, nev ertheless, worth stressing

hat the emission line galaxy selection presented in this paper is
eliberately conserv ati v e, to produce a v ery secure sample of line
mitters, and that additional emission line galaxies may be present
n the data at lower SNR, or with extreme properties. 
NRAS 541, 1348–1376 (2025) 
.3.2 Stellar contamination 

e masked regions of the images affected by bright stars and their
iffraction spikes. This was particularly important for the narrow-
and images, where their filter profiles transmit a narrow wavelength
ange of stellar light creating a dotted diffraction spike pattern unlike
he smoother distributions seen in broad-band imaging from HST
nd JWST . This meant the features in the diffraction spike arms were
xtracted as sources and, given that there were many in the JELS
osaics, a significant fraction of sources within the raw detection

atalogues were actually bright-star-related contaminants. 
A star mask was created to flag sources in the regions of stellar

ontamination. In addition to the brighter stars used to the create
he PSF stacks (Section 2.1 ), sources with a half-light radius (see
ection 3.3.1 ) between 1.5 and 4 pixels in size (0.045 to 0.12 arcsec)
ere flagged as point sources. This was to account for contamination

rom fainter stars or stars misidentified in the Gaia DR3 catalogue
Gaia Collaboration 2023 ). These flagged sources were most likely
tars but they could also be quasars whose central emission dominates
 v er the galaxy light and so appear as point-like in imaging (e.g.
ughes, Bailer-Jones & Jamal 2022 ). 
For the JELS narrow-band images, stars with magnitudes >

7 had negligible diffraction spike extension and so these stars
ere masked using circles of appropriate sizes for the stellar flux
istribution in a given magnitude bin (see Table 3 for the mask
izes implemented). Brighter stars were then identified (9 in total)
sing the Gaia DR3 catalogue g-band magnitude measurements to
 v oid source fragmentation present in the narrow-band detection
atalogues. A dedicated mask for each of these bright stars was built
sing appropriately sized circles and rectangles to account for the
mission from the stellar core and the extended diffraction spikes.
ources in areas of stellar contamination were then flagged and
mitted from the narrow-band detected catalogues. 
Due to the deeper F356W imaging compared to the narrow-

and images, a higher fraction of the footprint area contained
tellar artefacts, including diffraction spikes which contaminated the
356W catalogue. Ho we ver, the same stellar mask was applied to

he F356W detected catalogue for the following reasons: (i) This
atalogue was primarily utilized for sample comparisons to the
arrow-band detected catalogue and for global astrometry checks. (ii)
he broader wavelength coverage led to a smoother, more continuous
iffraction spike, which results in fewer spurious ‘sources’ detected at
he catalogue production stage. Therefore, there were fewer falsely
etected sources. Given the above, we accepted a small fraction
f stellar contamination would make it into the F356W detected
atalogue but this was negligible compared to the genuine source
raction (given the greater image depth than the narrow-bands). In
ddition, the photometric redshift fitting (see Section 3.4 ) should
ave eliminated most of the contamination when selecting samples
or comparison. 
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Table 4. Multiwavelength detection catalogue source counts after each stage 
of the catalogue creation/cleaning: (1) Native-resolution image photometric 
detections with SNR > 5 criteria. (2) The SNR > 5 criteria for the F356W 

photometric measurements in the narrow-band detection catalogues (not 
applicable to the F356W detection catalogue). (3) The cosmic ray removal. 
(4) The removal of sources located in areas of the star mask contaminated by 
bright stars and/or diffraction spikes, leading to the final catalogue. 

Catalogue cleaning stage Source count 
F466N F470N F356W 

SNR (detection filter) > 5 6828 7572 34677 
SNR (F356W) > 5 6514 6983 34677 
Cosmic ray removal 6476 6950 34525 
Star mask removal: final catalogue 5645 6150 34168 
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Figure 5. Top panel: Distribution of estimated photometric redshifts ( z phot ) 
outputted from EAZY-PY fits and measured from the 0.3 arcsec diameter 
aperture photometric data as a function of the spectroscopic redshift ( z spec ), 
for sources with spectroscopic data. The dashed line shows where z phot and 
z spec are equi v alent. The faded points show sources with | 	z | / (1 + z ) > 

5 σNMAD (see definitions in Section 3.4 ) with the dotted lines showing where 
	z/ (1 + z) = ±5 σNMAD . Bottom panel: Distribution of 	z/ (1 + z) in 
units of σNMAD as a function of z spec . 
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1 Extracted from the DAWN JWST Archiv e: https://s3.amazona ws.com/ 
msae xp-nirspec/e xtractions/nirspec graded v3.html , with only spectroscopic 
redshifts graded as ‘robust’ used for comparison. 
.3.3 Final cleaned catalogues 

fter application of the narrow-band/broad-band SNR criteria and 
emoval of cosmic ray artefacts and stellar contamination, the 
nal multiwavelength catalogues source counts were 5645, 6150, 
nd 34 168 for the F466N, F470N, and F356W detection images, 
espectively. Table 4 shows the evolution in catalogue number counts 
fter applying the abo v e cleaning criteria. As noted in Section 2 ,
here was a higher degree of contamination in the F470N filter due to
esidual scattered light, and this was evident from the initial catalogue 
umber count in Table 4 . 

.4 Photometric redshift analysis 

e performed SED fitting using EAZY-PY (Brammer, van Dokkum 

 Coppi 2008 ) to derive photometric redshift (photo- z) estimates 
or all sources in our full multiwavelength catalogues. We utilized 
ll filter co v erage available for a given object in the narrow-band
nd F356W-detected catalogues (see Table 1 for filter properties 
nd Fig. 2 for filter transmission curves). We explored a redshift
ange 0 <z< 10 using three template sets: the default flexible stellar
opulation synthesis (FSPS) models supplemented with the high- 
edshift optimised templates of Larson et al. ( 2023 , specifically the
Lya Reduced’ subset), the ‘SFHZ’ models supplemented with the 
bscured AGN template (Killi et al. 2024 ), and the ‘EAZY v1.3’
emplate library. For each template set, zero-point offsets to the 
hotometry were derived by fitting the templates to the known 
pectroscopic redshift for a pre- JWST literature sample (Kodra et al. 
023 , ∼ 2200 sources). For all three template sets, the offsets
ere found to be < 5 per cent for all filters. In particular, we
ighlight that the zero-point offsets derived for the F466N/F470N 

arrowband filters were < 2 per cent for all template sets, indicating
hat there were no significant flux calibration offsets specific to the 
arrow-band filters and any remaining calibration uncertainties were 
omparable to those measured for the commonly used broad-band 
lters (see e.g. Boyer et al. 2022 ). We note that disentangling errors

n the photometric measurements due to PSF homogenization (see 
ection 2.1 ) from other factors like NIRCam calibrations is tricky 
ut the abo v e suggests that the total of these cannot be more than a
ew per cent and the 5 per cent minimum uncertainties implemented 
hould be capturing this effect. 

Photo- z estimates for each template set were then calculated 
or all three detection catalogues (F466N, F470N, F356W) with 
he zero-point offsets applied, including an additional 5 per cent 
ux error added in quadrature to account for remaining template 
nd calibration uncertainty. Consensus redshift estimates were then 
eri ved follo wing a simplified version of the Hierarchical Bayesian 
ombination procedure described in Duncan et al. ( 2018 , see also
ahlen et al. 2013 ), assuming moderate covariance between the 

ndividual estimates ( β = 2). 
Based on the consensus photo- z posterior for each source, the

orresponding ‘best’ redshift was then determined by taking the 
edian of the primary 90 per cent highest probability density (HPD)

redible interval (CI) peak (see e.g Duncan et al. 2019a ). Fig. 5
emonstrates the o v erall quality of the photo- z estimates for the
re- JWST compilation used to derive zero-point offsets, as well 
s for additional z > 3 spectroscopic confirmations from JWST 

bservations. 1 Director’s Discretionary programme DD 6585 (PI: 
oulter) managed to spectroscopically confirm four emission line 
alaxies in our JELS sample (included in Fig. 5 ) – see discussion in
uncan et al. ( 2025 ). 
We e v aluated the resulting photo- z performance by calculating

ulk quality statistics for the spectroscopically confirmed sources, 
sing normalized median absolute distribution, σNMAD = 1 . 48 ×
edian ( | 	 z | / (1 + z spec )), and the absolute outlier fraction, OLF =

 	 z | / (1 + z spec ) > 0 . 15 (following common literature definitions;
.g. Dahlen et al. 2013 ). Note, 	z = z phot − z spec . When considering
he full sample, we calculate σNMAD = 0.0303 and OLF = 0.0843
MNRAS 541, 1348–1376 (2025) 

https://s3.amazonaws.com/msaexp-nirspec/extractions/nirspec_graded_v3.html
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M

Figure 6. Left panel: Photometric redshift histograms for the full F466N (solid line), F470N (dashed line), and F356W (dotted line) detected catalogues. Right 
panel: Photometric redshift histograms for the subset of these sources that are narrow-band excess selected as described in Section 4.1 , and for F356W detected 
sources for which integrated P ( z) > 0.7 within the redshift range 5.5 <z< 6.5. The same histogram line styles apply. The vertical dotted line and shaded regions 
show the spectral feature/emission line observing regions in redshift space for the F466N and F470N filters. In addition, we performed visual inspection of 
the narrow-band ‘excess sources’ with z phot > 5.5 (see description in Section 4.2 ) and plotted only the visually confirmed sources in this histogram. The visual 
inspection of the lower redshift narrow-band excess sources was not carried out in this analysis and so there may be a degree of contamination in the excess 
source histogram for z phot < 5.5 sources. 
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as shown in Fig. 5 ). These values change to σNMAD = 0.0741 and
LF = 0.1806 when limiting the sample to z phot > 3, but still show
ood photo- z performance across redshift space. 
The left panel of Fig. 6 presents the measured photo- z distribution

or each of the multiwavelength catalogues. We note, ho we ver, that
ubsequent sample selections made use of the full photo- z posterior
n addition to the single point estimates. 

 NA R R  OW-B  A N D  EXCESS  S O U R C E  

ATA L O G U E  A N D  H  α EMITTER  SAMPLE  

.1 Narrowband excess selection 

he original premise of the JELS surv e y was to observe in the
djacent F466N and F470N narrow-band (NB) filters to detect
mission line galaxies. Here, there should be negligible difference in
ontinuum emission observed in the narrow-band filters and so any
xcess emission in one of the narrow-band filters was indicative of
ine emission. Ho we v er, access to the PRIMER surv e y imaging (see
ection 2 ) meant we also had photometric data in the F444W filter,
hich was the complementary broad-band (BB) filter that o v erlaps
ith both the F466N and F470N filters. In the absence of emission

ines, the NB and BB magnitudes should be very similar, whereas an
mission line in the NB would lead to excess emission in the NB o v er
he BB filter. Therefore, with access to F466N, F470N, and F444W
lters, we could perform selections for NB excess sources using
oth BB − NB and NB − NB colour selections (see Sections 4.1.2
nd 4.1.3 ), for each of F466N and F470N filters. 

.1.1 Accounting for source continuum colours 

o account for the impact of colour across the broad-band filter on
he inferred narrow-band continuum flux (which for F466N/F470N
ompared to F444W was exacerbated by the relative wavelengths;
ee Fig. 2 ), we first calculated a continuum colour correction. To
NRAS 541, 1348–1376 (2025) 
o this, we considered the distribution of F356W − F410M versus
B − NB colour for our narrow-band selected sources and fitted a
eighted linear relation to the distribution in this parameter space.
he F356W − F410M filter combination was chosen as it probes
avelengths close to the emission line without being contaminated
y it. As discussed in Section 3 , the F356W filter will contain the
O III ] emission line for our H α sample. We tested using F277W
lter instead of F356W and found no impact on the final selection
f emission line galaxy candidates (and no significant impact on
nferred line fluxes). Therefore, we adopted the F356W − F410M
orrections to the BB − NB and NB − NB colours. We then corrected
he BB − NB colours using: 

 BB − NB ) corr = ( BB − NB ) 0 − [ A ( F356W − F410M ) + B] , (1) 

here ( BB − NB ) 0 is the originally measured BB − NB colour,
 is the fitted gradient, and B is the fitted y-intercept. Fig. 7 shows
ow this linear relation was fitted for performing the F444W −
466N colour corrections and Table 5 provides the fitted parameters.
or sources with no F356W − F410M measurement (due to non-
etection in one or both filters), the median colour correction from
he narrow-band selected sample was applied (see Table 5 ). 

This colour correction method was also applied to the NB −
B colours but, as can be seen in Table 5 , the corrections were
uch smaller since the filters are very close in wavelength. Note that

ources not detected in the F444W filter or the adjacent NB filter
ere assigned 1 σ upper limits when applying the continuum colour

orrections. 

.1.2 BB − NB colour excess selection 

fter correcting the BB − NB colours for the different selections,
here still remained some scatter around a colour excess of zero
ue to the uncertainties in the magnitude measurements, which
ncreased towards fainter magnitudes. The degree of scatter depended
n how the local noise varied from source to source and needed to
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Figure 7. Number density plot showing the distribution of F466N detection 
catalogue sources in F356W − F410M versus F444W − F466N colour space 
using 0.02 mag 2 binning in the range: −1.0 < colour < + 1.0. The dotted 
line shows where F356W − F410M = F444W − F466N, corresponding 
to a flat continuum colour across the wavelength range spanning the filters 
shown. The solid line shows a linear fit to the data weighted by the combined 
magnitude error for both the F356W − F410M and F444W − F466N colours 
(by adding the magnitude errors in the individual filters in quadrature). The 
weighted linear relation calculated for a source’s given F356W − F410M 

colour was then subtracted from the F444W − F466N measured colour (see 
equation 1 ) to correct for offsets due to significant continuum colours which 
could otherwise bias the emission line selection. 

Table 5. Weighted linear fit parameters (gradient A and y-intercept B, as 
defined in equation 1 ) for the BB − NB and NB − NB colour selections as 
a function of their F356W − F410M colours. These parameters were then 
used to correct the rele v ant BB − NB and NB − NB colours using equation 
( 1 ). The final column quotes the median colour correction applied to the full 
sample. 

Colour selection A B Median correction 

F444W − F466N −0.454 + 0.022 + 0.039 
F470N − F466N + 0.044 −0.005 −0.007 
F444W − F470N −0.573 + 0.027 + 0.056 
F466N − F470N + 0.145 + 0.008 + 0.001 
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e accounted for. Therefore, we defined the narrow-band excess 
arameter �, which quantifies the NB excess emission compared to 
he random scatter expected for a source with zero colour (Bunker
t al. 1995 ; Sobral et al. 2013 ) and also accounts for the variable
epths of the NB and BB imaging. For the BB − NB selected sources,
his is given by: 

 = 

1 − 10 −0 . 4( BB − NB) 

10 −0 . 4( ZP − NB ) 
√ 

σ 2 
NB + σ 2 

BB 

, (2) 

here ZP is the zero point magnitude of the NB filter, which is set to
3.9 mag. σNB and σBB were photometric flux density errors (in μJy) 
or the NB and BB filters respectively for each source. Given that the
ELS imaging contained distinct deeper and shallower regions (see 
ection 2 ), sources that occupied identical colour–magnitude space 
ould have differing values of � depending primarily on the NB
mage depth (which was shallower than the BB image – see Table 1 )
t their locations. This is illustrated in Fig. 8 , where the dependence
f � on magnitude is plotted for the average depths of both shallow
nd deeper regions of the JELS footprint. In order to define a source
s a reliable emission line candidate, we required that its narrow- 
and excess significance over the broad-band continuum was � ≥ 3 
see Table 6 ). 

As sources tend to bright magnitudes, the BB −NB colour corre-
ponding to � = 3 tends towards zero, but there was still intrinsic
catter in the BB − NB measurements; this is due to systematic
ffects, such as the accuracy of the continuum colour correction given
he scatter around the relation in Fig. 7 . Therefore, we also applied
n EW limit, which corresponds to a minimum BB − NB colour
or sources to be selected as an ‘excess source’. For each colour
ombination, we set the limiting colour criterion by assessing the 
catter of the colours around zero at bright magnitudes; the selected
riteria are given in Table 6 . Sources that met our conditions on both
 and colour for the BB − NB selected sources were then considered

o be excess sources (see Table 6 ). 
The emission line flux, F line and (observed) equi v alent width
W line of the selected line emitters were calculated following Sobral 

t al. ( 2013 ) as: 

 line = 	λNB 
f NB − f BB 

1 − ( 	λNB /	λBB ) 
(3) 

W line = 	λNB 
f NB − f BB 

f BB − f NB ( 	λNB /	λBB ) 
, (4) 

here 	λNB and 	λBB are the NB and BB filter widths, respectively, 
nd where f NB and f BB were the measured flux densities in the NB

nd BB filters, respectively, with units of erg s −1 cm 

−2 Å
−1 

. Note, the
bo v e calculations account for emission line contamination in the
B filter when calculating NB excess and hence emission line flux. 

.1.3 NB −NB colour excess selection 

 similar procedure as described in Section 4.1.2 was applied to
he NB −NB selected sources. After performing the NB −NB colour
orrections for each source, the narrow-band excess parameter � 

as calculated as described in Section 4.1.2 but replacing the BB
agnitude measurement with the adjacent NB filter: 

 = 

1 − 10 −0 . 4( NB 2 − NB 1 ) 

10 −0 . 4( ZP − NB 1 ) 
√ 

σ 2 
NB 1 

+ σ 2 
NB 2 

, (5) 

here the same definitions as in equation ( 2 ) apply, NB 1 refers to the
etection filter (showing excess flux due to the line emission), and
B 2 is the complementary filter where you gain the colour excess 

nformation. As before, � depends on the local noise for a given
ource image location and so this was accounted for in the criteria
or excess source selection. We found that the values of � were more
obust for the NB −NB colours, perhaps due to lower continuum
olour corrections being required, and hence assess that a lower 
ignificance threshold of � ≥ 2 . 5 was viable for the selection of
B −NB emission line candidates. A colour cut was again applied to

eparate the colour-excess sources from the random scatter at bright 
agnitudes for sources with zero NB −NB colour. Ho we ver, due to

he F466N and F470N filters being close in w avelength, there w as
gain less scatter of sources around zero NB −NB colour (see Fig. 8 ),
llo wing lo wer colour-excess criteria. Table 6 gi ves the chosen � and
olour criteria for each NB −NB selection. 

The emission line flux, F line and equi v alent width EW line were
alculated as: 

 line = 	λNB 1 ( f NB 1 − f NB 2 ) (6) 

W line = 

F line 

f NB 
(7) 
MNRAS 541, 1348–1376 (2025) 
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Figure 8. Colour–magnitude diagrams showing the different excess source selection criteria. Top row: the F466N detected sources selected based on their 
F444W − F466N colour (left panel) and their F470N − F466N colour (right panel). Bottom row: the F470N detected sources selected based on their F444W 

− F470N colour (left panel) and their F466N − F470N colour (right panel). For each colour–magnitude selection, sources considered to be excess sources are 
separated from the rest of narrow-band selected sources. This was done by applying a NB colour cut (horizontal dotted lines) and a narrow band excess � cut 
as described in Section 4.1 . � was calculated for each source individually, but to guide the eye, the solid and dashed lines show the � cut calculated for the 
average depths in the shallower and deeper regions, respectively, of the narrow band images. For all data points, upper limits are shown with triangle symbols. 
The square points correspond to H α and [O III ] emitter candidates, respectively, which have also passed the visual inspection confirmation (Section 4.2 ). 

Table 6. Excess source selection for both narrow-band detected catalogues showing: (i) the NB detection filter; (ii) the colour selection for 
that given detection filter; (iii) the limiting colour excess criterion; (iv) the corresponding observed-frame equi v alent width limit, EW obs ; (v) 
the narrow-band excess significance criterion �; (vi) the number of sources meeting the colour and � criteria for the given colour selection; 
and (vii) the final combined excess source sample for a given detection filter where sources meet the excess source criteria for at least one of 
the colour selections. 

Detection filter Colour selection Colour criteria EW obs ( Å) � Criteria Excess source count Combined excess sample 

F466N F444W − F466N 0.30 135 3.0 177 241 
F470N − F466N 0.15 80 2.5 154 

F470N F444W − F470N 0.35 165 3.0 298 368 
F466N − F470N 0.20 103 2.5 246 

w
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e
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f  
here 	λNB 1 and 	λNB 2 are the NB filter widths and where f NB 1 
nd f NB 2 were the measured flux densities in the excess selected
nd complementary NB filters, respectively, with units of erg s −1 

m 

−2 Å
−1 

. Note that unlike for the BB −NB selected sources, there
as (generally) no emission line contribution to the adjacent NB
lter for NB −NB selected sources and hence the difference in the
quations for F line and EW line . 
NRAS 541, 1348–1376 (2025) 
Where a source was detected by both BB −NB and NB −NB
xcess criteria, we recommend the measurements of �, F line , and
W line made using BB −NB selections. This was because these
ere typically higher fidelity, and because there were potential
iases using NB − NB selections due to the o v erlapping transmission
etween the two narrow-band filters (e.g. Stroe et al. 2014 ) where
or some redshifts line flux could be picked up in each filter. This
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Figure 9. Cutouts of the multiwavelength imaging (2 × 2 arcsec) centred on narrow-band excess source candidates meeting the conditions described in Section 4 , 
meeting the H α photo- z criteria described in Section 4.2 , and also passing visual inspection. The colour bar shows the range of SNR in the image cutouts for 
the following filters: F606W, F090W, F115W, F150W, F200W, F277W, F356W, F444W, F466N, and F470N. The top two rows show robustly selected H α

candidates with clear detections in the detection narrow-band and multiwavelength imaging (including a dropout in the HST F606W filter). Rows 3 and 4 show 

candidates close to the SNR detection threshold in the detection narrow-band, but with enough signal in 1 or more JWST filters to be selected as a robust candidate. 
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atter effect also means that the NB −NB selections may be biased
gainst the selection of high- EW emission lines transmitting in both 
B filters, but these line emitters should still be selected from the
B −NB criteria (see combined selection criteria in Section 4.1.4 ). 
he narrow-band selected H α sample analysed in this paper (see 
ection 4.2 ) were all BB −NB selected, and so we utilized the more
ccurate calculations of the abo v e quantities for all sources. 

.1.4 Combined excess source selection 

or the F466N and F470N selected sources, a source met the criteria
f being an excess source (and so a potential emission line galaxy)
f the � and colour criteria were both met for either the BB −NB or
he NB 1 −NB 2 selection. Table 6 shows the breakdown of sources
hat met individual colour selection requirements and the combined 
excess source’ sample for each detection filter. Note, the BB −NB
ombinations required higher EW for selection ( EW obs � 150 Å, 
ompared to the NB −NB selections with EW obs � 90 Å) but also
ave lower combined flux density errors, causing less scatter at the 
aint end of the colour–magnitude distribution for a given �. This
esults in a higher value for the limiting NB −NB colour excess source
election at faint magnitudes compared to BB −NB colour excess 
ource selection. This can be seen in Fig. 8 where the colour cut for
ach BB −NB selection criteria meets the � condition ∼1 mag fainter
ompared to the NB −NB selections (despite the higher EW cuts).
espite this, examination of the continuum colours of the narrow- 
and excess sources identified by the two different selection tech- 
iques show these to be similar, and so there was no evidence that the
wo selections were identifying substantially different populations. 

Combining the results for the F466N and F470N detections 
ields a total of 609 excess source candidates, with 266 sources
43.7 per cent) selected in both colour selections for their given 
etection filter, 209 (34.3 per cent) BB −NB only selections and 134
22.0 per cent) NB −NB only selections. The BB −NB selections 
ielded a higher fraction of excess source candidates o v erall, but we
till gained a significant sample of additional candidates from the 
B −NB selections, increasing our final sample size. Fig. 8 shows
he colour–magnitude diagrams for the sample of F466N and F470N 

etected sources, highlighting those that met the excess conditions 
nd the identified high-redshift emission line galaxy candidates (see 
ection 4.2 for the H α emitter sample selection process), as well as

he four sets of narrow-band excess and colour selection criteria. 

.2 Selecting H α emitters at z > 6 

or our analysis, we wanted to select H α emission line galaxies
t z> 6 from our excess source sample, to measure and compare
heir physical properties to other selections of star-forming galaxies. 
hese measurements and comparisons required constraints on the 
ultiwavelength properties of our H α candidates from the rest- 

rame UV to rest-frame optical – particularly for inferring the dust 
roperties and star-formation activity of our sample. Therefore, we 
elected a robust sample of unambiguous H α emission line galaxy 
andidates from our excess source sample, requiring additional 
election criteria to be met which were somewhat conservative. 

From our excess source sample, we first applied the following 
hotometric redshift cut (taking the median of the primary peak 
n the redshift probability distribution described in Section 3.4 ): 
.5 ≤z≤ 6.5. Note that the narrowness of the photo- z posteriors
ith the inclusion of the narrow-bands meant that this cut could,

n fact, be much narrower (see Fig. 6 ) as all robust sources were
onstrained to 6 . 03 < z < 6 . 17. We also required that the width
f the primary redshift peak in the redshift probability distribution 
et the following condition: ( z 1 , max − z 1 , min ) / (1 + z 1 , median ) <

.4. Here, z 1 , min , z 1 , max , and z 1 , median correspond to the lower bound,
pper bound, and the median of the primary 90 per cent highest
robability density (HPD) credible interv al (CI) peak, respecti vely. 
his condition required our sample to have narrow and well-defined 
hoto- z posteriors, as expected for line emission driving strong 
arrow-band excess. 
The sample of z phot > 5.5 excess sources was still contaminated. In

ases where contaminants showed prominent narrow-band detection 
MNRAS 541, 1348–1376 (2025) 
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Figure 10. Same as in Fig. 9 but for sources failing the visual inspection. The first row shows clear contamination from strong cosmic ray hits in the narrow-band. 
The second row shows another cosmic ray hit in the narrow-band accompanied by contamination from diffraction spikes in the PRIMER broad-band images. 
The example in the third row appears to be diffuse light contamination left o v er from scattered light subtraction in the narrow-band image (see details in Duncan 
et al. 2025 ). The final row shows an example of a questionable emitter, which was deemed insufficiently secure to make the robust sample analysed in this 
paper: it was possibly genuine line emission, but it lies very close to a real source in the PRIMER images (with lower photometric redshift) with which it may 
be associated, and even if not, the nearby source contaminates the aperture photometric measurements, making the classification as an H α emitter insecure. 
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Table 7. Source counts for H α selected emission line galaxies after the 
following criteria was imposed: (i) after cleaning the multiwavelength 
detection catalogue in a given filter (final row in Table 4 ); (ii) after applying 
the excess source criteria described in Section 4.1 ; (iii) after applying the 
photometric redshift selection criteria (discussed in Section 4.2 ); and finally, 
(iv) after visual inspection of the sources that passed the abo v e criteria (see 
description in Section 4.2 ). 

Selection stage Source count 
F466N F470N 

Cleaned detection catalogue 5645 6150 
P ass e xcess source selection 241 368 
Pass photo- z H α selection 36 24 
Pass visual inspection and final count 30 5 
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nd weak (or no) continuum detection, this would typically lead to
 high-redshift photo- z solution, meaning that much of the residual
ontamination in the narrow-band excess catalogue would fall in the
 α and [O III ] samples. Therefore, we visually inspected all excess

elected sources with z phot > 5.5 that met the abo v e P ( z) width
riteria. To do this, the following cutouts were produced centred on
ach source: (i) the full HST and JWST filter set at native resolution;
ii) the narrow-band image for source detection, with convolution
ernel applied (see convolution kernel described in Table 2 ); and
iii) a stack of all the PRIMER filters. From these images, we asked
wo questions: (i) did the detection look genuine and/or significant?
nd (ii) was the position aperture centred on the source detected
n PRIMER? Each source was independently assessed by eight co-
uthors (CAP, PNB, KJD, DJM, RKC, ALP, HMOS, and JPS) where
ach question was graded with a yes, no, or maybe. The independent
nspections showed mostly good agreement for the sample. For the
ources with mixed feedback on their robustness, a subset of graders
et together to explore the full multiwavelength imaging available

including extended area and adaptable cut levels) and made a final
onsensus decision on the robustness of these sources. Fig. 9 shows
xamples of the visually inspected sources considered ‘robust’ for our
 α sample and Fig. 10 shows sources rejected after visual inspection.
he rejected sources were mainly obvious cases of cosmic ray hits
r contamination by diffraction spikes. Others included convincing
ources in the narrow-band that could be genuine emission line
alaxies but were in close proximity to diffraction spikes or were
ffset in the broad-band imaging (like source 4 in Fig. 10 ). Note,
he offsets in the broad-band imaging were much larger than the
strometric differences between the JELS and PRIMER imaging (see
ection 3.1 ). Therefore, these sources were not deemed sufficiently
obust to meet the conserv ati ve selection criteria for this paper. We
ote that incompleteness as a result of this conserv ati ve selection will
eed to be accounted for in the analysis of the luminosity function. 

From this visual inspection, 35 out of 60 sources were then selected
s the clean z> 6 H α emitter sample (30/36 selected from F466N and
NRAS 541, 1348–1376 (2025) 

s  
/24 selected from F470N; see Table 7 ). Multiwavelength postage
tamp images of all of these 35 sources are provided in Appendix A .
omparing to Section 4.1.4 , we found that all robust H α candidates
et the BB −NB conditions on � and colour, whereas 26 out of the

5 (74.3 per cent) met the NB −NB conditions. This shows that the
B −NB selections captured more of our robust sample and that we
ould miss sources purely on a NB −NB selection. In addition, we

lso found that the median primary photo- z width ( z 1 , max − z 1 , min ;
ee definition in Section 3.4 ) for our H α sample was ∼ 0.04 and with
 maximum value of 0.065 – both below the FWHM of both NB filters
o v ering a redshift range 	z ∼ 0 . 08. This highlights the high photo- z
ccurac y achiev ed when the emission line is placed within the narrow
ransmission function (and typically towards higher transmission).
ote, as discussed in Section 3.3.1 , there was still residual scattered

ight contamination in the image reduction stage in both narrow-band
osaics, but this was more pre v alent in the F470N mosaic; this may

xplain the lower success rate in visually confirming H α emitters
rom this filter. Nevertheless, the stark contrast in source density
etween the two filters after visual inspection could be evidence for
ignificant clustering of H α emitters in the narrow redshift slice
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o v ered by the F466N filter compared to the F470N filter. This
ligns with previous studies which showed significant clustering of 
pectroscopically confirmed z ∼ 6 i-band drop-out galaxies in the 
OSMOS field (Brinch et al. 2024 ). This result was also not a

ensiti vity ef fect as the ‘excess source’ selections shown in the right
anel of Fig. 6 show a higher number density of Paschen line emitter
andidates in the F470N filter compared to the F466N filter. Despite 
he abo v e, caution must still be e x ercised giv en the small sample size
f our H α emitters and the small area (and hence cosmic volume)
robed with this one field. 

.3 Selecting z∼ 6 sources from the F356W detected catalogue 

ere, similar to Section 4.2 , we selected z∼ 6 candidates using the
RIMER F356W detection catalogue (see Section 3 ). This enabled 
omparisons of the selections and physical properties of our narrow- 
and selected sample of H α emission line galaxies to galaxies 
round the same epoch that were selected based on their photometric 
edshifts (which were driven by their rest-frame UV/optical broad- 
and photometric measurements). These F356W detected z∼ 6 
ources were selected to have: (i) their 50th percentile photometric 
edshift posterior in the range: 5.5 <z phot < 6.5; and (ii) the integrated
edshift posterior distribution P ( z) ≥ 0.7 o v er the same redshift range.
his is typical for robust selections of galaxies with broad-band 
hotometric data and z phot values primarily driven by the Lyman- 
reak feature (e.g. Duncan et al. 2019a ). This selection yielded a
ample of 568 galaxies, though note that the F356W z∼ 6 sample 
robes a wider redshift range compared to our narrow-band selected 
 α sample (F466N: 6 . 05 < z < 6 . 13 and F470N: 6 . 14 < z < 6 . 21
based on the ef fecti ve widths for each filter). We note that some of

he F356W-detected sources may show an excess in the narrow-band 
lters corresponding to H α emission line galaxies at z ∼ 6 . 1 and that
ome of the narrow-band selected H α emitters may also be selected 
n the F356W-detected catalogue if they have strong enough optical 
ontinuum – meaning the two selections are not mutually e xclusiv e. 
hat is important here is that we mimic typical galaxy selections 

tilizing single or stacked broad-band detections at a given redshift 
poch. 

 PHYSICAL  PROPERTIES  O F  T H E  H  α

MISSION  LINE  C A N D I DAT E S  

n this section, we examined the physical properties of these z> 

 H α emitters and compare the nature of their star-formation 
ctivity and dust properties to those of the sample of objects at
∼ 6 selected photometrically from the F356W catalogue. SED 

tting was performed to obtain estimations for a range of galaxy 
roperties including stellar mass, SFR, and dust attenuation. In 
ddition, empirical measurements were made directly from the 
vailable photometry to calculate their UV-continuum slopes ( β), 
bsolute magnitudes ( M UV ), and UV-continuum and H α SFRs (the 
atter only rele v ant to the H α sample and not the F356W-detected
ample with no narrow-band measurements to obtain H α emission 
ine properties). 

.1 Spectral energy distribution fitting and galaxy properties 

e performed SED fitting on our data using the BAGPIPES spectral 
tting code (Carnall et al. 2018 ) and utilized the BPASS (Eldridge et al.
017 ; Stanway & Eldridge 2018 ) stellar population synthesis (SPS)
ode (assuming a Kroupa, Tout & Gilmore ( 1993 ) IMF with a cutoff
t 100 M �) and the CLOUDY photoionization code (Ferland et al. 
017 ) to compute nebular emission lines. In addition, we implement
he Salim, Boquien & Lee ( 2018 ) dust attenuation model and the Leja
t al. ( 2019 ) continuity non-parametric star-formation history (SFH) 
odel. The SED fitting models and priors used are summarized in
able 8 . 
These models and prior assumptions were selected to stay consis- 

ent with the assumptions used in the empirical measurements (see 
ection 5.2.1 ) and to balance the number of free parameters (and
ence number of degrees of freedom of the SED fitting) with the
umber and quality of photometric measurements available, so that 
e were not o v erfitting and o v erinterpreting the data. From these
ED fits, we extracted the posteriors for the stellar mass ( M � ), star-
ormation rates averaged over 10 and 100 Myr time-scales ( SFR 10 

nd SFR 100 respectively), the ratio of these SFRs ( SFR 10 / SFR 100 ) 
nd the dust attenuation from the stellar continuum in the V -band
 A V ). 

Alternative SFH models were investigated, but this was found to 
av e ne gligible impact on the stellar mass estimates of our sample.
n addition, the non-parametric SFH model allowed freedom for 
udden increases in the recent SFR, potentially important in our H α

ample, and hence leading to less biased measurements of SFR 10 

important when interpreting SFR 10 / SFR 100 ). Regarding the choice 
f dust models, observational studies of high-redshift star-forming 
alaxies present a conflicting picture on the nature of the attenuation
urve at this epoch. Some studies have found that applying the
MC attenuation curve (Gordon et al. 2003 ) best re-produces the
onditions in star-forming galaxies from cosmic noon towards the 
poch of Reionization (e.g Álvarez-M ́arquez et al. 2016 ; Reddy
t al. 2018 ), while others have found application of the Calzetti
t al. ( 2000 ) attenuation slope was more appropriate (e.g. Koprowski
t al. 2018 ; McLure et al. 2018 ). Given these results, we fit the
hotometry using the Salim et al. ( 2018 ) dust attenuation model,
hich fits the deviation from the Calzetti et al. ( 2000 ) attenuation

aw, the parameter δ, thus enabling a range of slopes to be fitted.
he fits for δ were relatively unconstrained for our sample but the
tacked posteriors showed a median δ = −0.1 indicating that our 
ources have slopes that, on average, do not deviate significantly 
rom the fiducial Calzetti et al. ( 2000 ) slope. The factor on A V for
he stars in birth clouds with respect to the ISM ( η, equi v alent to
he factor between the emission line and continuum extinction but 
n the V -band; e.g. Calzetti et al. 2000 ) was also unconstrained in
he SED fitting. Therefore, our assumption for calculating the dust 
orrected H α luminosities and SFRs (see Section 5.2.1 ) was based
n observational evidence of the nebular attenuation from previous 
tudies (e.g. Reddy et al. 2020 ). 

To investigate the robustness of our SED-fitted results, in Ap- 
endix B we examined the stacked and normalized posterior distri- 
utions that we found for the SFR ratio ( SFR 10 / SFR 100 ) and the dust
ttenuation factor A V . We demonstrate that the resulting posterior 
istributions differ strongly from the input prior distribution, con- 
rming that our results were robustly being driven by the data and
ot by the choice of priors. 

.2 Empirical measurements of galaxy properties 

.2.1 H α emission line luminosity, equivalent width, and 
tar-formation rate 

s discussed in Section 4.2 , all of our H α sources were BB −NB
elected and so we could calculate the line fluxes ( F H α) for these
onsistently using equation ( 3 ); as discussed in Section 4.1.3 , this
as also likely to be more robust than line fluxes calculated from the
MNRAS 541, 1348–1376 (2025) 
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Table 8. Key BAGPIPES model parameters and priors used to fit our photometric data and thus determine the physical properties of our sample of H α emitters 
at z> 6. The model is described in Section 5.1 . Note, the oldest SFH bin edge is no older than the age of the Universe at the redshift estimated for the source. 
Logarithmic priors are all applied in base ten. 

Component/Model Parameter Symbol/Unit Range Prior 

General Redshift –
(
z EAZY , 16 , z EAZY , 84 

)∨ Uniform 

(
z EAZY , 50 − 0 . 1 , z EAZY , 50 + 0 . 1 

)1 , 2 

SFH (Continuity) Total stellar mass formed M � /M �
(
10 6 , 10 13 

)
Logarithmic 

Stellar metallicity Z ∗/Z � (0.0005, 2.0) Logarithmic 
Continuity bins dSFR i /Myr (0, 3, 10, 30, 100, 300,750) Student’s t 

Nebular emission Ionization parameter log ( U ) ( −4, −1) Uniform 

Dust (Salim) V-band attenuation A V /mag (0, 4) Uniform 

Deviation from Calzetti slope δ ( −1.2, 0.4) Uniform 

2175 Å bump strength B 0 –
Factor on A V for stars in birth clouds 
with respect to the ISM 

η (0.01, 4) log-Gaussian 

Notes. 1 The 16th, 50th, and 84th percentiles from the EAZY-PY photometric redshift probability distribution for a given source are denoted z EAZY , 16 , z EAZY , 84 

and z EAZY , 84 . 
2 The redshift prior was set between the 16th and 84th percentiles of the EAZY-PY photometric redshift probability distribution ( z EAZY , 16 and z EAZY , 84 

respectively) for a given source unless this range was less than ±0.1. Otherwise, the prior was set to the 50th percentile ( z EAZY , 50 ) ± 0.1. 
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B −NB colours. The luminosity distance D L was then calculated
or each source utilizing their measured photometric redshifts and
ombined with their line fluxes to calculate their line luminosities:
 H α = 4 π D 

2 
L F H α . The H α equi v alent widths ( EW H α) for the

ample were calculated by taking the observed frame measurements
alculated using equation ( 4 ) and dividing through by (1 + z) to
btain the rest-frame measurement for EW H α . For objects where the
NR(F444W) < 3, we take a 3 σ upper limit on the F444W flux
ensity measurement to obtain a lower limit for EW H α . 
Although the H α emission line is less dust-affected than the UV-

ontinuum, it was still essential to correct these H α luminosities for
ust extinction. To do this, we made use of the V -band stellar contin-
um attenuation measurements, A V , that we derive in our SED fitting
see Section 5.1 ). These A V measurements needed to be converted
nto extinction in the H α emission line, A H α and this depended on the
dopted dust attenuation law, but also on the relationship between
he stellar continuum reddening, E( B − V ) cont , and the nebular
eddening, E( B − V ) neb . The latter has been studied e xtensiv ely
n star-forming galaxies (e.g. Calzetti et al. 2000 ; Kashino et al.
013 ; Price et al. 2014 ; Reddy et al. 2015 ) and shows inconsistent
esults, particularly when probing galaxies at high-redshift. In this
ork, we scale our A V measurements using a Calzetti et al. ( 2000 )

ttenuation curve to obtain the attenuation in the stellar continuum
t the H α wavelength of 6563 Å and then multiply by 2.27 to get
he extinction on the emission line, A H α (assuming E( B − V ) cont 

 0.44 E( B − V ) neb from Calzetti et al. 2000 ). We explored the
mpact of these assumptions in Section 6 . 

For H α emission line galaxies, the line flux measured from
he narrow-band will include some contamination from [N II] line
mission where at least one of the [N II] λ6548 and [N II] λ6585 lines
ill fall withing the narrow-band filter (e.g. Sobral et al. 2012 ).
tudies of narrow-band selected H α emitters at lower redshifts (e.g.
obral et al. 2015 ), showed that the relationship of the [N II] /H α ratio
s a function of EW (H α + [N II] ) derived in the local Universe from
DSS was applicable out to z ∼ 1; if this holds to z ∼ 6 then, given

he EW of our H α emitters, this would correspond to correction
actors of ∼10–20 per cent (0.04-0.08 dex) for the H α luminosities.
o we v er, Shaple y et al. ( 2023 ) demonstrated using early JWST
ata that z = 5.0 − 6.5 star-forming galaxies show smaller typical
atios of log 10 ( [NII]6585 / H α) = -1.31 corresponding to 0.021 dex
NRAS 541, 1348–1376 (2025) 

d

orrections to L H α . A caveat here is that this sample was rest-frame
V selected and not emission line selected, and there is evidence

hat nitrogen o v er -ab undances could be short-lived phases that take
lace during strong starbursts (e.g. Topping et al. 2025 ), which H α

mission will better trace. In addition, the disco v ery of nitrogen o v er-
bundance observed at high-redshift (e.g. Cameron et al. 2023a )
eans future studies may have to consider [N II] contamination as

on-negligible if further spectroscopic follow-up shows this for a
arge sample of high-redshift galaxies. Ho we ver, gi ven the lack of
obust measurements, and an expectation that the correction would be
 0 . 05 dex, we made no correction for potential [N II] contamination.
e then measured the SFR from the H α luminosity: 

F R H α = κH α L H α. (8) 

ere, we adopted κH α = 10 −41 . 64 ( M � yr −1 )/(erg s −1 ) SFR
alibration conversion factor following the analysis of Theios et al.
 2019 ) which is a factor of ∼2.34 smaller than the Kennicutt &
vans ( 2012 ) calibration. The calibration assumptions matched

hose implemented in our SED fitting (See Section 5.1 ) which
tilized the BPASS SPS models, assumed a Kroupa et al. ( 1993 )
nitial mass function (IMF) with an upper-mass limit of 100 M �
nd a metallicity of Z = 0.002. Our adopted κH α is similar to
ther studies utilizing low-metallicity BPASS SPS models (e.g.
eddy et al. 2022 ; Shapley et al. 2023 ) and was guided by the
volving mass-metallicity relation (e.g. Sanders et al. 2021 ). This
elation reflects the greater ionizing photon production efficiencies
n lo wer-metallicity massi ve stars in binary systems observed in
ower stellar mass and high-redshift star-forming galaxies. 

We show in Fig. 11 that dust-corrected H α luminosities for
ur sample of H α emitters at z> 6 span a range of 41.6
 log 10 ( L H α/ erg s −1 ) � 42.8, corresponding to 0.9 � SFR H α

 M � yr −1 ] � 15. In addition, we show that the H α equivalent width
istribution clearly peaks between ∼300 and ∼2000 Å. This is
n good agreement with the distribution derived in Endsley et al.
 2024b ) for JWST / HST drop-out selected sources at z ∼ 6, although
ur selection includes sources with a larger dynamic range in EW .
e do not o v er-interpret this finding due to the low number statistics,

ut we do note that the vast majority of our sample are found to have
W s well abo v e the observational limit, indicating that the observ ed

istribution is not driven by observational biases. 
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Figure 11. Top panel: Histogram of the dust-corrected H α emission line 
luminosities L H α (and corresponding SFRs – see Section 5.2.1 ) for the final 
sample of z> 6 H α emitters. Note that the two potential AGN candidates 
are excluded from this plot as their H α luminosities lie abo v e the range 
plotted. Bottom panel: Histograms of the H α rest-frame equi v alent widths 
EW H α for the final sample of z> 6 H α emitters. The hatched bins with 
the right-pointing arrows show objects whose SNR(F444W) < 3 and so 3 σ
upper limits on the F444W flux density measurements were used to calculate 
the lower limits on EW H α . The shaded region shows the EW H α region 
below the translated colour cuts (see Fig. 8 ) corresponding to the excess 
source selection criteria ( EW H α � 20 Å) which has no effect on our sample 
selection. F or comparison, o v erplotted in the dotted line is z ∼ 6 EW H α log- 
normal distribution (normalized to the same area as our histogram) from 

Endsley et al. ( 2024b ), which shows good agreement generally. 
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.2.2 UV-continuum luminosity and star-formation rate 

e then compared the H α emission line derived properties for our z>
 sample to those derived from the UV-continuum to investigate both 
he reddening and star-formation time-scales of these sources. Our 
hotometric data co v ered rest-frame UV-continuum wavelengths for 
ur sample of z∼ 6.1 H α candidates from below the Lyman break 
eature to abo v e 3000 Å, and so allows us to measure both the UV-
ontinuum slope and the UV luminosity. 

For our sample, the following HST /WFC3IR and JWST /NIRCam 

hotometric measurements were utilized in fitting the rest-frame UV 

pectrum: F115W , F125W , F140W , F150W , F160W , and F200W
see Fig. 2 ). These measurements probed only the rest-frame UV- 
ontinuum where λrest ≤ 3000 Å and also a v oided contamination from 
he Ly α emission line and intergalactic medium (IGM) absorption 
t λrest ≤ 1216 Å. We fitted the rest-frame UV-continuum spectrum 

or each source using the photometric measurements with SNR > 

. The fit utilized a non-linear least-squares approach, weighted 
y the absolute errors in the photometric measurements using the 
CIPY curve fit function (Virtanen et al. 2020 ). We fitted the
V-continuum slope ( β) and spectrum normalization factor ( f 0 ) as

ollows: f λ = f 0 ( λ/λ0 ) β , where λ0 = 1500 Å. The 1 σ errors in both
arameters were extracted from the output fitted co-variance matrix. 
For the UV-continuum, we extracted the flux density at rest-frame 

500 Å ( f 1500 Å) directly from the fitted spectrum of each source
accounting for the (1 + z) factor for redshifting to the observed-frame
avelength). We again utilized the inferred luminosity distances to 

easure L λ at 1500 Å: L 1500 Å = 4 π D 

2 
L f 1500 Å (erg s −1 Å

−1 
). We

hen converted L 1500 Å (uncorrected for dust) to L ν (erg s −1 Hz −1 ) to
alculate the observed absolute UV-continuum magnitude, using the 
elation from Oke & Gunn ( 1983 ): 

 UV = −2 . 5 log 10 ( L ν) + 51 . 63 (9) 

s in Section 5.2.1 , we utilized the measured V -band stellar
ontinuum attenuation A V from SED fitting to correct the luminosity 
easurements. Given the results of Section 5.1 preferring a Calzetti 

t al. ( 2000 ) attenuation curve, we scaled the measured A V values
sing this attenuation curve to obtain stellar continuum attenuation 
t 1500 Å ( A 1500 Å) to dust-correct L 1500 Å. We calculate the SFR for
ur sample from the UV-continuum using equation ( 10 ): 

FR UV = κUV L 1500 Å. (10) 

ere we adopted κUV = 10 −43 . 46 ( M � yr −1 )/(erg s −1 ) SFR calibration
onversion factor utilizing the same set of assumptions for the choice
f SPS model, metallicity and IMF as in our SFR H α calculations (see
ection 5.2.1 ). 

.3 Combined results from SED fitting and empirical 
alculations 

.3.1 Stellar masses 

oth our narrow-band selected H α emission line galaxy sample 
nd the F356W-detected z∼ 6 sample span the following stellar 
ass range: 7.4 � log 10 ( M � / M �) � 11.0. For our H α sample, most

f our sources have stellar masses � 10 9 . 5 M � but we identified two
andidates (see source ID 2768 and 7810 in Fig. A1 ) with fitted stellar
asses of 10 10 . 8 and 10 9 . 8 M �, respectively, which have very compact

nd PSF-like morphologies (Stephenson et al. in preparation). Given 
his early epoch, these stellar mass measurements are large and their
orphologies suggest that there may be significant AGN activity 
ithin these galaxies contributing to their emission which, at least 

or source 2768, is probably leading to an o v er-estimation of the
tellar mass; this may also affect other properties derived from the
EDs of these two objects. The remaining objects in the sample were
ore extended, although we cannot rule out that they contain some
GN activity. 

.3.2 Star-formation rates and time-scales 

or this analysis, we excluded the two most massive sources 
escribed in Section 5.3.1 which have SFR H α∼ 10 2 and 10 3 M �
r −1 for the 10 9 . 8 and 10 10 . 8 M � sources, respectively. Our empirical 
easurements ( SFR H α and SFR UV ), coupled with the SED-derived 
FRs o v er different time-scales ( SFR 10 and SFR 100 ), allowed us
MNRAS 541, 1348–1376 (2025) 
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Figure 12. The SFR 10 / SFR 100 as a function of stellar mass for our H α

sample and for the F356W z∼ 6 sample, with all quantities derived from SED 

fitting. The error bars show the 16th and 84th percentiles for the posterior 
distributions in SFR 10 / SFR 100 and stellar mass for our H α sample. The 
stellar mass uncertainties are similar in magnitude for the F356W sample and 
the SFR 10 / SFR 100 error bars are much larger compared to our H α sample 
(see stacked posterior distribution in Fig. B1 ) but we do not show these to 
keep the figure clear. The two potential AGN candidates are plotted with open 
symbols. 
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Figure 13. Top panel: empirically measured SFR H α against SFR UV (see 
Section 5.2 ) where the colour scaling shows the SFR 10 / SFR 100 values 
inferred from SED fitting (see Section 5.1 ). The two indicators broadly agree, 
but with a tendency towards higher SFR H α values, especially in galaxies 
with SFR 10 / SFR 100 > 1. Middle panel: empirically measured SFR H α against 
SED fitted SFR 10 , where the colour scaling shows the stellar mass values 
inferred from SED fitting: the two values generally agree well, confirming that 
H α traces star formation on 10 Myr time-scales. Bottom panel: Empirically 
measured SFR UV against SED fitted SFR 100 , where the colour scaling also 
shows the inferred stellar mass values. At high stellar masses (and SFRs) 
the UV luminosity traces the 100-Myr SFR, but at lower masses where the 
H α emitters have been shown to be in a burst phase (see Fig. 12 ), the UV 

luminosity is enhanced, tracing also the shorter time-scale star formation. 
The solid lines in each plot show where the SFRs are equal and the darker 
and lighter shaded regions show regions within 0.3 and 0.5 dex of the 1:1 
line, respectively. Note that the two potential AGN candidates are excluded 
from this plot as their calculated SFRs lie outside of the plotted ranges. 
o investigate both the agreement between different star-formation
ndicators and the time-scales of star-formation activity in our H α

ample. As discussed in Section 5.2.2 , the SFRs measured from
he rest-frame UV-continuum and the H α emission line respond to
nstantaneous changes in star-formation activity o v er differing time-
cales. 

When we investigated the robustness of our SED fitting (Ap-
endix B ), we found that the typical SFR 10 / SFR 100 ratios of our H α

mitters was abo v e unity, and that this was even more pre v alent at
ower stellar mass, � 10 9 . 0 M �. This indicates that our sample of
 α emitters are exhibiting heightened recent star-formation activity,
articularly at lower stellar masses. To illustrate this, in Fig. 12
e show the SFR 10 / SFR 100 ratio plotted against stellar mass for
ur samples and the median SFR 10 / SFR 100 split into the same
tellar mass bins as the stacked posterior distributions described
n Fig. B1 . This figure clearly shows both the offset abo v e unity
nd the stellar mass trend, for H α emitters. For comparison, on the
ame plot we show the F356W-detected z∼ 6 sample. This displays
 much larger scatter in SFR 10 / SFR 100 values with median values
round unity (apart from a slight rise in the lowest stellar mass bin),
hich highlights the difficulty in constraining the recent SFR for this

ample in the absence of the narrow-band H α measurement. The
356W-detected sample did not show the same trend of increasing
FR 10 / SFR 100 ratio towards lower stellar masses, giving additional
onfidence that the trend for H α emitters was not driven by our
tting procedure. 
In Fig. 13 we investigated the relationship between the SED

tted SFRs ( SFR 10 and SFR 100 ) and the empirically calculated SFRs
 SFR H α and SFR UV ). The top panel compares the empirically derived
 α and UV SFRs. It shows that our H α candidates broadly cluster

round SFR H α = SFR UV , but with sources scattering preferentially
o wards higher SFR H α v alues (where the median SFR H α/ SFR UV ∼
.13). Sources in the plot are colour-coded by their SFR 10 / SFR 100 

atio, and it was clear that the sources of fset to wards higher SFR H α

han SFR UV were those which also exhibit the highest SFR 10 / SFR 100 

atios. This makes broad sense because, canonically, the H α emission
NRAS 541, 1348–1376 (2025) 
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Figure 14. The fitted UV-continuum slopes ( β) as a function of measured 
M UV for the final sample of z> 6 H α emitters and our z ≈ 6 F356W 

detected sources (partially transparent data points), derived as described in 
Section 5.2.2 . The triangular data points show the sources that have less than 
three filters with SNR > 2 probing the rest-frame UV-continuum (denoted 
‘UV-faint’) whereas the circular data points show the sources that have 3 
or more filters with SNR > 2 (denoted ‘UV-bright’). Typical error bar sizes 
for both samples are similar, and shown in the bottom left of the plot. The 
diamond points show the inverse-variance weighted average values of β
for the H α and F356W detected sample in bins of width 0.5 magnitude; this 
shows little dependence on the measured M UV . The dot-dashed lines show the 
inverse-variance weighted average β values for the H α and F356W detected 
samples. 

p  

l  

s
a  

m  

b  

p  

a  

t

o
s  

e
e
o  

b  

H
b
W  

6

6

R
S  

c  

t  

o  

s  

b
c
s

ine traces changes in star-formation activity o v er shorter time-scales 
f ∼ 10 Myr compared to the UV-continuum which traces activity of

100 Myr (e.g. Kennicutt 1998 ; Kennicutt & Evans 2012 ; Calzetti
013 , and references therein). Both the empirical and SED-derived 
FRs suggest that our H α emitter sample has mainly experienced 
 recent rise of star-formation activity o v er shorter time-scales, on
verage. At the lowest stellar masses (for the faintest sources), we 
ote that selection effects could be biasing the results where sources
ith equi v alent SFR H α and SFR UV (or SFR 10 and SFR 100 ) may not 
e detected. Despite this, we still see a rise in recent star formation
ctivity for the H α sample as shown in Fig. 12 at typical stellar
asses for our sample (abo v e the detection limit). In addition, the
W H α distribution shown in Fig. 11 is well abo v e the lower limit

mposed by colour excess criteria (see Fig. 8 ). Therefore, we do not
hink any selection bias would be significant for our H α sample. 

To e xplicitly e xplore SFR time-scales of the empirical measure- 
ents, we show the relationship between SFR H α and SFR 10 in 

he middle panel and between SFR UV and SFR 100 in the bottom 

anel of Fig. 13 . We found that SFR H α generally agree well with
FR 10 , confirming that the H α emission line traces changes in star-
ormation activity on time-scales of the order of ∼ 10 Myr. Ho we ver,
t appears that SFR UV is not traced as ef fecti vely by SFR 100 , with
he UV SFR being enhanced by up to a factor 2–3 compared to
he SED-derived 100 Myr SFR in our H α emitter sample. This
ffset is most pronounced at lower stellar masses, where Fig. 12 
ad indicated that the H α emitters tended to have enhanced recent 
tar formation. This result therefore suggests that our H α sample 
ould be exhibiting bursty star formation activity where the UV 

ontinuum is dominated by star formation on shorter time-scales < 

00 Myr. Ho we ver, assumptions on the SPS models could impact the
mpirically measured SFRs (see discussion in Section 6.2 ). 

.3.3 UV-continuum slopes and dust attenuation 

ig. 14 shows the observed UV-continuum slope, β, as a function 
f observed M UV for the H α emission line galaxy sample and for
he F356W detected z ∼ 6 sources for comparison (see Section 4.3 ).
he plot also shows the inverse-variance weighted average β values 

or the two samples in bins of M UV , demonstrating that this value
s consistently higher for the H α emitters compared to the F356W- 
elected z∼ 6 selected sources, with inverse-variance weighted av- 
rages of 〈 β〉 = −1.92 and 〈 β〉 = −2.35, respectively. This indicates
edder UV-continuum slopes on average for the H α candidates. 

e also found no relation between the weighted average β and 
he binned observed M UV , showing that the H α candidates have 
ystematically redder UV-continuum slopes across the same dynamic 
ange of M UV . This result holds despite the inverse-variance weighted 
 verages fa v ouring the H α candidates with higher SNR rest-frame
V emission, which would bias the H α sample towards bluer UV- 

ontinuum slopes. In addition, we matched the F356W-detected z∼
 sample to the same F356W magnitude and then stellar mass range
s for the H α sample and found the weighted average value 〈 β〉 =
2.37 (a decrease of 0.02 compared to the full sample). Therefore, 
e conclude that our H α sample shows redder β values, on average, 

ompared to the rest-optical sample selected at the same epoch. 
To investigate the cause of the systematically redder β values, we 

urned to the results from our SED fitting, which investigated the dust
ttenuation in our sample of H α candidates. As shown in the testing
f SED-fitting robustness in Appendix B , the V -band attenuation in
he stellar continuum ( A V ) for our H α emitters was well defined (see
he narrow width of the stacked posterior distribution in the top left
anel of Fig. B1 ) where we derived a median A V = 0.23. The top
eft panel of Fig. B1 also shows the stacked posterior distributions
eparated into different stellar mass bins; we see consistently low 

ttenuation values for our sample and no significant trend with stellar
ass. Our tests also showed that the A V distributions were unaffected

y changes in the dust model assumptions and priors (e.g. different
rior choices in A V , the slope deviation δ from Calzetti et al. 2000 ,
nd the factor on A V for the stars in birth clouds η), implying that
he results are robust. 

These results agree well with the stacked posterior distributions 
f A V for our F356W-detected z∼ 6 sample. These galaxies show 

imilar dust attenuation properties, with a median A V = 0.15 and no
volution with stellar mass. The difference of 0.08 in A V in our H α

mitters compared to the F356W-selected sample would give rise to 
nly ≈ 0 . 1 difference in β, far less than the 0.4 difference observed
etween the two samples. We therefore conclude that our sample of
 α emission line galaxies do not exhibit significant dust attenuation, 
roadly in line with our F356W-selected z∼ 6 population of galaxies. 
e discuss the probable cause of the different β values in Section 6 .

 DI SCUSSI ON  

.1 Reddened and faint UV-continuum 

esults from the empirically calculated UV-continuum slopes (see 
ection 5.2.2 ) show that our sample of H α emission line galaxy
andidates exhibit systematically redder slopes ( 〈 β〉 = −1.92) than
he F356W-detected sample of z∼ 6 sources ( 〈 β〉 = −2.35), utilizing
nly the BB filters in a manner analogous to other photo- z selected
amples in the literature. The results suggest that our H α narrow-
and selections identify a redder population of star-forming galaxies 
ompared to samples based on rest-frame UV/optical-continuum 

elections. Interestingly, the weighted average β for our H α sample 
MNRAS 541, 1348–1376 (2025) 
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s comparable to those found in studies utilizing rest-frame UV HST
elections of z∼ 6 star-forming galaxies (e.g. McLure et al. 2011 ;
unlop et al. 2012 ) and in the same M UV range: M UV � −18. How-

ver, other studies reaching M UV � −17 show bluer UV-continuum
lopes, 〈 β〉∼ −2.2 (e.g. Dunlop et al. 2013 ; Bouwens et al. 2014 )
hich highlights the potential biases from selection effects that could
ccur from different rest-UV/optical selections of galaxies. This
s further demonstrated from JWST results (which utilized deeper
IR photometry) which showed average UV-continuum slopes in

omparable M UV and redshift space (e.g. Nanayakkara et al. 2023 ;
ustin et al. 2024 ) similar to the weighted average β value for our
356W-selected z∼ 6 sources. 
We note that our narrow-band selected H α sample extends into

he ‘UV-faint’ regime, where 12 out of 35 H α candidates have ≤
 filters with SNR > 2 constraining the rest-frame UV-continuum.
his suggests that a significant fraction of these sources would not be
elected from rest-frame UV photometry alone (despite the increased
epth from the JWST imaging) and this could be influencing the
esults. Studies from HST observations have shown bias towards
luer β for galaxies at faint magnitudes (e.g. Bouwens et al. 2010 ;
unlop et al. 2012 ; Rogers, McLure & Dunlop 2013 ) and this has

lso been observed with recent JWST studies (e.g. Cullen et al. 2023 ).
t is therefore plausible that the average β for our H α sample (and
ur F356W-detected z ∼ 6 sample) could in reality be redder than
easured, given this bias, particularly for the ‘UV-faint’ sample
here the slopes are less constrained (though the uncertainties in

he photometry are also consistent with the true slopes being bluer).
o we v er, the ke y point is that any bias in the β measurements should

mpact both our H α and F356W-selected z∼ 6 samples (which were
alculated using the same method) at faint magnitudes and we still
bserve redder UV-continuum slopes for our H α candidate sample
n average. 
From our BAGPIPES SED fitting (see Section 5.1 ) we have con-

traints on the dust attenuation, A V , and note that, on average,
alaxies within both our H α-selected and F356W-detected samples
re rather dust poor. As discussed in Section 5.3.3 , studies have
btained inconsistent constraints on the dust attenuation slopes of
alaxies beyond cosmic noon (e.g Álvarez-M ́arquez et al. 2016 ;
oprowski et al. 2018 ; McLure et al. 2018 ; Reddy et al. 2018 ), and

o the Salim et al. ( 2018 ) dust model was implemented to allow for
teeper and shallower slopes compared to Calzetti et al. ( 2000 ) dust
ttenuation curve. We tested and implemented both the Calzetti et al.
 2000 ) and Salim et al. ( 2018 ) dust models in our SED fits and found
hat the former model would predict higher A V values for a subset
f sources. This was because we allowed the slope deviation factor
 δ) in the Salim et al. ( 2018 ) dust model to vary in the SED fit and
ven though the sample converges to a Calzetti et al. ( 2000 ) slope
n average, there was still scatter in the individual measurements.
llowing this slope to vary for our full sample eliminates most A V >

.0 estimations, as seen in the left panels of Fig. B1 where the
osterior distributions flatten significantly beyond this value. 
An alternativ e e xplanation for the observ ed reddened β values,

hile accounting for low dust attenuation for the H α sample, could
e strong nebular continuum emission (in addition to nebular line
mission) due to young stellar populations and high ionizing photon
roduction efficiencies ( ξion ; Reines et al. 2010 ; Byler et al. 2017 ;
opping et al. 2022 ). Nebular continuum emission is caused by free-
ree, free-bound and two-photon processes, where free-free emission
an boost the flux at λrest ∼ 3000 Å, which is potentially important for
eddening the slope of the UV-continuum. Studies have shown that
here is a theoretical limit to the measured β, where the bluest UV-
ontinuum is β> =−2.6 (e.g. Stanway, Eldridge & Becker 2016 ) due
NRAS 541, 1348–1376 (2025) 
o nebular continuum emission, with observations of galaxies at z>
 showing 〈 β〉�−2.6 (e.g. Topping et al. 2022 ; Austin et al. 2023 ;
ullen et al. 2024 ; Morales et al. 2024 ). 
Pre- JWST , spectral features indicating strong nebular continuum

mission (including the ‘Balmer Jump at 3646 Å) were only detected
n low-redshift highly star-forming galaxies (Peimbert & Costero
969 ; Guse v a et al. 2007 ). Ho we v er, simulations hav e predicted
hat Balmer jumps and hence strong nebular continuum should be
ommon at high-redshift (e.g. Katz et al. 2023 ; Wilkins et al. 2024 ).
n addition, SED fitting of high-redshift galaxy candidates identified
y JWST have required the addition of these spectral features into
he modelling to obtain good fits (e.g. Topping et al. 2024 ; Endsley
t al. 2024b ) and these features have now been spectroscopically
onfirmed at high-redshift (e.g. Cameron et al. 2024 ). It could be
xpected that galaxies selected on the basis of their nebular emission
ines (like our sample) would be likely to show strong nebular
ontinuum. Narayanan et al. ( 2025 ) show that nebular continuum
ould be responsible for reddening in β by 0.2–0.4 on average for
igh-redshift galaxies using zoom-in hydrodynamic simulations; this
s the scale of the change needed to explain the dif ferent β v alues
f our H α emitters compared to the F356W-selected sample, and so
ebular continuum is therefore a plausible explanation of the redder
lopes that we observe in our H α sample. Further investigation,
ncluding stacking analysis and/or follow-up spectroscopy is needed
o conclusively explain this trend. 

.2 Burstiness of star formation 

esults from our SED fitting indicate that our sample of H α

andidates had ele v ated recent star-formation acti vity (traced by
nferring SFR 10 / SFR 100 ). This is not surprising, as the H α emission
ine better traces instantaneous changes in star-formation activity
 v er smaller time-scales compared to the UV-continuum (as dis-
ussed in Section 5.3.2 ). Both the empirical and SED-fitted SFR
atios ( SFR H α/ SFR UV and SFR 10 / SFR 100 respecti vely) sho w good
ualitative agreement (see top panel of Fig. 13 ) that star-formation
ctivity in our H α sample seems to be recently ele v ated compared to
urther back in their star-formation histories. This indicates that these
alaxies are exhibiting rather stochastic and ‘bursty’ star-formation
ctivity, particularly for decreasing galaxy stellar masses (as seen in
he right panel of Fig. B1 ). In addition, this aligns with the fact that our
ample predominately contains lower stellar mass galaxies (mostly
n the dwarf galaxy regime in the local Universe: log 10 ( M � [ M �]) �
.0) which exhibit higher recent SFRs. 
Local dwarf galaxies have been observed to have ‘bursty’ SFHs

e.g. through measurements of their H α-to-UV ratio; Weisz et al.
012 ; Emami et al. 2019 ; Faisst et al. 2019 ; Atek et al. 2022 ) agreeing
ith simulations (e.g. Hopkins et al. 2014 ; Shen et al. 2014 ) where

ntense star formation creates supernovae feedback, heats and expels
he gas resulting in temporary quenching. Recycled and new gas
rom the interg alactic/circumg alactic medium (IGM/CGM) is then
ccreted to form new stars, creating bursts and quenching cycles
n 1 to > 10 Myr time-scales. Ho we ver, there is also e vidence of
warf galaxies exhibiting longer lasting ( ∼few hundred Myr) bursts
nd steady-state star formation (e.g. McQuinn et al. 2010 ; Cignoni
t al. 2018 , 2019 ) and irregular bursts likely due to mergers rather
han stellar feedback (e.g. Östlin et al. 2001 ; Bekki 2008 ; Mart ́ınez-
elgado et al. 2012 ; Scott et al. 2024 ). We believe that the SFHs

or our sample are likely ‘bursty’ o v er shorter time-scales producing
few Myr cycles of star-formation and quenching activity. This is

ecause galaxies at the Epoch of Reionization tend to have higher
pecific sSFRs due to the increased gas fractions and accretion rates at
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Figure 15. Star-forming main-sequence (SFMS) plots showing inferred SFR 10 (left panel) and SFR 100 (right panel) as a function of stellar mass for our H α

emission line galaxy sample and our F356W-detected z∼ 6 sample from the SED fitted results (described in Section 5.1 ). For the H α candidates, the error bars 
show the 16th and 84th percentiles of the parameter posterior distributions. In addition, functional forms of the SFMS at the same epoch are also plotted. The 
solid lines are taken from Cole et al. ( 2025 ) and correspond to their 5 < z < 6 and 6 < z < 7 samples measured from SED fitting and averaged over 
10 and 100 Myr for the rele v ant plots. The dotted line shows the functional form to the SFMS from Popesso et al. ( 2023 ) using a variety of SFR indicators 
from calibrated empirical measurements and from SED fitting. Our samples provide a tight SFMS based on the 100 Myr SFR (right panel), with both H α and 
photo- z-selected samples in good agreement with the literature relations. For SFRs estimated over 10 Myr (left panel), our F356W-selected population broadly 
agrees with previous determinations on average, albeit with more scatter due to the noisier measurements, but our H α sample is systematically offset to higher 
SFRs, consistent with these galaxies showing evidence of recent starburst activity. Again, the two potential AGN candidates are plotted with open symbols. 
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igher redshift, leading to increased stellar feedback (e.g. Dom ́ınguez 
t al. 2015 ; Faucher-Gigu ̀ere 2018 ; Ma et al. 2018 ; Katz et al. 2023 ;
ome et al. 2025 ). In addition, JWST observations have shown that

he increase in galaxy interactions (e.g. Asada et al. 2024 ) aligning
ith the increase in the average galaxy merger rate from the local
niverse to the Epoch of Reionization (e.g. Duncan et al. 2019b ;
uan et al. 2025 ) could also be further enhancing burstiness in
alaxy SFHs o v er shorter time-scales at this epoch. These findings
dd to other recent studies which have found downturns in the 
ecent SFHs in UV-faint ( M UV > −18) and low stellar mass selected
alaxies into the Epoch of Reionization (e.g. Endsley et al. 2024a , b )
long with other studies that ha ve b uilt empirical evidence for bursty
FHs among high-redshift galaxies undergoing bursts and declines 

n recent star-formation (e.g. Strait et al. 2023 ; Dome et al. 2024 ;
ressler et al. 2024 ; Looser et al. 2025 ). The mass-dependence of

he stochasticity is not surprising as high mass sources are expected 
o have higher SFRs (as shown by the star-forming main sequence). 
herefore, higher mass sources are more likely to make our sample 
election flux limit without requiring them to be going through a burst
f star-formation acti vity. Lo wer mass galaxies (which typically have 
ower SFRs) only reach the threshold for H α detection if they are
elected when they are at the peak of a burst in star-formation activity.

We investigated the star-forming main sequence for our H α

mitters in Fig. 15 , for both our SED-fitted 10 Myr (left) and 100 Myr
right) SFR time-scales, and compared this to previous literature 
eterminations. For star-formation on 100 Myr time-scales, we found 
 tight star-forming main sequence for our H α emitters, that is
roadly in line with a variety of recent literature determinations 
t the same redshifts. We o v erplotted the F356W-selected z ∼ 6
ample and also found good agreement. On 10 Myr time-scales, we 
ound that the H α-selected galaxies showed enhanced star-formation 
ates compared to the main sequence, again indicating that they are
bserved during or just after a burst of star formation. They are also
ffset from the F356W-selected galaxies (like in Fig. 12 ) with the
edian SFR 10 for the H α sample being a factor of 2.75, 2.31, and

.46 higher than the F356W-detected sample in the lowest, middle, 
nd highest stellar mass bins, respecti vely (sho wn in Fig. B1 ). The
356W-detected sample agree broadly with the star-forming main 
equence determinations from the literature, on a verage, b ut show
onsiderably larger scatter in their measurements around this. This 
grees with work from Cole et al. ( 2025 ) utilizing a similar procedure
hich also reports an increased scatter in SFR av eraged o v er 10 Myr

ime-scales at high-redshift. The scatter in the main-sequence is also 
e-produced in simulations utilizing complex feedback models at this 
poch (e.g. Dome et al. 2025 ). Ho we ver, this could also be reflective
f the difficulty in constraining SFRs on these shorter time-scales 
sing only broad-band measurements. 
As discussed in Section 5.3.2 , the empirical and SED-fitted SFR

atios show the same o v erall trends but differ in detail, with the
edian SFR 10 / SFR 100 ∼ 2.7 and the median SFR H α/ SFR UV ∼ 1.3. 
he UV-continuum and H α emission line are often quoted in 

he literature to be tracing star-formation time-scales of ∼10 Myr 
Murphy et al. 2011 ) and ∼100 Myr (Hao et al. 2011 ) respectively,
nd if this is the case then a broad agreement between SFR H α

nd SFR 10 and between SFR UV and SFR 100 would be expected. 
hese calibrations assume steady state star-formation activity o v er an
ssumed time-scale but the time-scales that the H α and UV emission
race depend on recent star-formation history (SFH) and so these 
ndicators can be better described as a convolved measurement of 
he intrinsic ‘true’ SFH with a time-delayed response function. Work 
tilizing the FIRE simulations (Flores Vel ́azquez et al. 2021 ) suggests
hat the H α emission line traces star-formation activity on ∼5 Myr
MNRAS 541, 1348–1376 (2025) 
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ime-scales for both bursty or constant SFHs. In line with this, our
esults suggest that SFR H α traces star-formation activity o v er the
anonical ∼10 Myr time-scales with small scatter (see middle panel
f Fig. 13 ). Ho we ver, these simulations also sho w that bursty phases
f star formation cause the UV-continuum to trace time-scales that
ange from ∼ 10 Myr to > 100 Myr (particularly for extreme bursts of
tar formation). Stellar populations emit significant UV-continuum
mission for ages > 100 Myr, ho we ver, the total integrated UV
mission is strongly weighted towards massive and hence younger
nd shorter lived stellar populations tracing star formation o v er
horter time-scales. This would explain why we are seeing SFR UV 

ail to trace star-formation activity o v er the canonical ∼100 Myr
ime-scales (see bottom panel of Fig. 13 ), particularly at lower
tellar masses where we see higher values of SFR UV suggesting this
ndicator is tracing time-scales � 100 Myr. Again, this makes sense as
he canonical SFR calibrations assume steady state SFHs and these
esults suggest that the SFHs of these galaxies (particularly at lower
tellar masses) are not steady-state and instead are likely ‘bursty’. 

Ho we ver, caution must be exercised with this interpretation as
alibrations of SFR H α and SFR UV depend on the choice of SPS
odels, IMF (and mass cutoff) and metallicity (particularly true for

he H α calibration). For example, BPASS v2.2 (Stanway & Eldridge
018 ) Z = 0.002 binary models used in this study (and in Theios
t al. 2019 ), lowers SFR H α by ∼0.35 dex and SFR UV by ∼0.1 dex
elative to the canonical conversion factors discussed in Kennicutt
 Evans ( 2012 ) which assumes solar metallicity nebulae and single

tar SPS models more appropriate for ISM conditions at z∼ 0 but not
t higher-redshift. The reduction in SFR per H α luminosity will be
ore prominent for younger stellar populations where massive stars

re still present compared to stellar populations after 100 Myr time-
cales (hence the smaller difference in SFR UV compared to SFR H α).
e controlled this by assuming the same IMF (and cutoff) and SPS
odels between both empirical and SED measurements. Ho we ver,

etermining the metallicity of these sources is difficult from only
hotometric data, and so if the true metallicity, Z< 0.002 for our
ample then SFR H α/ SFR UV will be even higher than what we have
easured (and the reverse is also true). 
We investigated the impact of dust corrections to SFR H α and

FR UV , which could have an impact on the SFR H α/ SFR UV ratios.
e assumed a Calzetti et al. ( 2000 ) dust attenuation slope firstly

o scale our V-band attenuation in the stellar continuum A V to
btain the attenuation at 1500 Å ( A 1500 Å) and at the H α emission
ine wavelength ( λrest = 6563 Å). Using the median A V ∼ 0.23
see Section 5.3.3 ) for our H α sample and scaling by either the
alzetti et al. ( 2000 ) or Cardelli et al. ( 1989 ) slopes gi ves dif ferences

n A 1500 Å of ∼ 4 per cent, which is negligible compared to the
hotometric uncertainties and isn’t a dominant factor in the dust-
orrected UV luminosities. Ho we ver, assuming a Gordon et al.
 2003 ) SMC attenuation slope could increase the dust-corrections
o the UV luminosities by ∼ 85–90 per cent compared to the other
ust slopes decreasing SFR H α/ SFR UV by ∼ 0.3 dex. Ho we ver, as
iscussed in Section 5.1 , our sources exhibit, on average, Calzetti
t al. ( 2000 ) slopes and so it was unlikely that our dust corrections
re underestimated significantly on average. 

The choice of the abo v e attenuation slopes has negligible impact on
he attenuation at λrest = 6563 Å, but the assumed factor between the
ebular reddening ( E( B − V ) neb ) and reddening due to the stellar
ontinuum ( E( B − V ) cont ), used to obtain A H α , will have an impact
n the dust-corrections applied to SFR H α . Reddy et al. ( 2020 ) showed
hat the average E ( B − V ) cont / E ( B − V ) neb ratios for star-forming
alaxies at ‘cosmic noon’ were 2.070, 2.273, 2.712, and 4.331 for
he Reddy et al. ( 2015 ), Calzetti et al. ( 2000 ), Calzetti + SMC and
NRAS 541, 1348–1376 (2025) 
MC (Gordon et al. 2003 ) curves, where these ratios increased with
he steepness of the assumed stellar attenuation curve. The scatter in
he relation between E( B − V ) cont and E( B − V ) neb (see fig. 5 of
eddy et al. 2020 ) is thought to be driven by the longer molecular
loud crossing time-scales seen in high-redshift galaxies compared
o local molecular clouds, the constant, or rising SFRs where newly
ormed and dustier OB associations al w ays dominate the ionizing
ux, and/or that the dust responsible for reddening the nebular
mission may be associated with non-molecular (i.e. ionized and
eutral) phases of the ISM (Reddy et al. 2015 ). At the lowest stellar
asses and extrapolating the evolution of the size-mass relation to

igh-redshift (e.g. Ward et al. 2024 ), it is possible that galaxy sizes
re small such that they consist of a single H II region. In this scenario,
 ( B − V ) cont = E ( B − V ) neb is possible and the Calzetti et al.

 2000 ) factor in this case would not be a good assumption. We tested
he assumption of E( B − V ) cont = E( B − V ) neb and found that
he resultant median empirical SFR ratio SFR H α/ SFR UV ∼ 1; this
isagrees even further with the SFR 10 / SFR 100 ∼ 2.7 seen from our
ED fitting. Giv en the abo v e work at higher redshift and our SED
tting results, it is likely there are additional dust corrections required
or the nebular lines (like H α), but a large spectroscopic follow-up
f emission line selected samples would be required to constrain dust
roperties further (e.g. via the Balmer decrement). 
Recent results have shown that non-parametric models are better

ble to re-construct sharp changes to the SFH compared to parametric
odels (e.g. Carnall et al. 2019 ; Leja et al. 2019 ; Suess et al. 2022 ;
arayanan et al. 2024 ) and this is also true for the assumption
n the prior distribution for the allowed change in SFR between
djacent time bins. We fit our sample with both a ‘continuity’
rior and a ‘bursty continuity’ prior (e.g. Tacchella et al. 2022 )
hich are weighted towards smooth and ‘bursty’ changes in the
FH, respectively. We initially adopted the latter prior (given we
xpect our sample to have sudden rises in recent SFR) and found
hat the posterior distributions in the sample A V and SFR 10 / SFR 100 

onverged to the prior. Therefore, we adopted a ‘continuity’ prior
hich did not converge to the prior and was data driven (see results

n Fig. B1 ). Despite our choice of prior for changes in SFR between
ime bins being weighted towards smoother changes, our sample still
xhibits sudden increases in recent SFR on average. Ho we ver, gi ven
his prior choice, these ratios could be higher, on average, especially
hen compared to what is measured for galaxies with ‘bursty’ SFHs

hown in simulations with large stochasticity o v er short time-scales
e.g. Strait et al. 2023 ; Dome et al. 2024 ; Dressler et al. 2024 ; Looser
t al. 2025 ). Despite the challenges of modelling ‘bursty’ SFHs,
ur H α sample still suggest that these are a population of star-
orming galaxies undergoing recent bursts of star formation and we
re catching these galaxies in a rise in SFR within the last 5–10 Myr
even if we could be underestimating the degree of this activity). 

 C O N C L U S I O N S  

e analysed data from the JWST Emission Line Surv e y (JELS;
roposal 2321; PI: Philip Best) which utilized the JWST /NIRCam
nstrument to perform narrow-band imaging at λ∼ 4.7 μm, using the
466N and F470N filters. We then compiled the available multiwave-

ength ancillary data from HST (e.g. CANDELS) and JWST /NIRCam
PRIMER) and created multiwavelength catalogues detected on the
466N and F470N narrow-band images. We performed ‘excess
ource’ selection criteria to identify a total of 609 emission line
alaxy candidates. 

We selected a sample of candidate H α emitters, as sources meeting
he ‘excess source’ criteria and in the photometric redshift range 5.5
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z phot < 6.5. After visual inspection of these sources, we obtained a
ecure sample of 35 H α emission line galaxies at z ≈ 6 . 1 (6 . 03 �
 phot � 6 . 17), into the Epoch of Reionization. We found that these
alaxies occupied a dust-corrected H α luminosity range of ∼ 10 41 . 6 −
0 42 . 8 erg s −1 and a rest-frame EW distribution that peaks between 
300 and ∼2000 Å (in good agreement with the EW distribution 

erived for JWST / HST drop-out selected sources at z ∼ 6 in Endsley
t al. 2024b ). We obtained physical properties of these H α emission
ine galaxy candidates using empirical relations measured directly 
rom the photometry, in combination with SED fitting analysis using 
he BAGPIPES spectral fitting code. 

Specifically, we used an appropriate conversion factor (applicable 
or high-redshift star-forming galaxies into the Epoch of Reioniza- 
ion) to transform our L H α measurements into H α-derived SFRs 
 SFR H α); these were in the range of ∼ 0.9 − 15 M � yr −1 . The rest-
rame UV-continuum spectra were fitted using a power-law slope to 
easure the UV-continuum slope ( β) and both the UV luminosity 

nd absolute magnitude ( M UV ) of these sources. We then utilized
n appropriate conversion factor to convert the UV luminosity into 
he SFR UV . From our BAGPIPES fitting, we obtained 10 and 100 Myr
veraged SFRs ( SFR 10 and SFR 100 , respectively), stellar masses, and 
 -band dust attenuation values ( A V ). We explored these values and
lso compared our narrow-band selected H α emitters to a sample 
f F356W z∼ 6 candidates whose z phot were primarily driven by the 
yman-break spectral features. Here, we summarize the key results 
rom these measurements: 

(i) We found that the measured β were systematically redder for 
ur narrow-band selected sample of H α emission line galaxies ( 〈 β〉
 −1.92) compared to our F356W-selected z∼ 6 galaxies ( 〈 β〉 =
2.35). This result is robust as both samples were prone to the

ame biases when obtaining measurements of β (including bluer 
ources generally having higher SNR rest-frame UV photometry 
nd therefore driving the inverse-variance weighted averages for 
oth samples). 
(ii) Our SED fitting results, constrained by photometric data, 

uggested that our H α emitters were quite dust-poor, with a median 
 V = 0 . 23. This is not substantially different from the median
 V = 0 . 15 of the F356W-selected z ∼ 6 galaxies, indicating that

he different β values were not driven by dust attenuation. Instead, 
e argue that the reddened slopes could be due to nebular continuum

mission, assumed to be more common at high-redshift and particu- 
arly in samples selected based on their nebular emission lines. 

(iii) We found qualitative agreement for elevated empirical and 
ED-fitted SFR ratios ( SFR H α/ SFR UV and SFR 10 / SFR 100 , respec- 

ively) for our H α candidates, particularly at low stellar masses 
 log 10 ( M � / M �) < 9.0). 

(iv) We found that the SFR measured directly from H α emission 
ine traced star-formation time-scales ∼10 Myr, within scatter. How- 
ver, the UV-continuum appears be weighted towards star formation 
n time-scales shorter than ∼100 Myr time-scales, particularly at 
ower stellar masses. Caution must be e x ercised, howev er, as these
esults could also be driven by the calibration choice made when 
mpirically measuring SFRs (which depend on the choice of SPS 

odel, IMF shape and upper-mass cut off and metallicity), and on 
he assumed factor of the nebular reddening and the reddening due 
o the stellar continuum. 

(v) The combination of the ele v ated SFR ratios ( SFR H α/ SFR UV 

nd SFR 10 / SFR 100 ) and the low-mass disagreement between SFR UV 

nd SFR 100 measurements along with previous evidence from ob- 
ervations and simulations of galaxies at the Epoch of Reionization 
eans that we infer ‘bursty’ SFHs for our sample of H α emission
ine galaxies. 

In future work, we will derive the first narrow-band estimated 
 αz∼ 6 luminosity function (LF) and thus quantify ρSFR ; we will

hen compare to previous measurements based on rest-frame UV- 
ontinuum selected samples. In addition, NIRCam’s resolving power 
ill allow the ionized gas morphologies to be measured to a high
e gree of accurac y and compared to morphologies in the stellar
ontinuum. Thanks to the narrow-band filter widths, our new sample 
f H α emitters (and other emission line galaxy candidates from our
ample) are ripe for clustering analyses. 

To obtain a greater understanding of the physical properties and 
nswer the questions generated from this study for our narrow- 
and selected H α emitters, follow-up targeted spectroscopy from 

WST /NIRCam will be essential; this would enable further con- 
traints on the dust attenuation, metallicity and hence the degree of
tar formation in these sources, as well as on the nebular continuum
mission. We can then go further and obtain chemical abundances, 
tudy their nebular attenuation and investigate the kinematics of 
hese sources. Given all these exciting results, we have demonstrated 
hat narrow-band imaging continues to be a powerful tool to select
mission-line star-forming galaxies o v er cosmic history, and now 

pecifically into the Epoch of Reionization. Even better, we can 
elect previously undetected and UV-faint sources, revealing a new 

opulation of star-forming galaxies at high-redshift and so giving a 
ore complete picture of cosmic star formation and hence galaxy 

volution. 
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PPENDIX  A :  POSTAG E  STAMP  IMAG ES  O F  

H E  H  α EMISSION  LINE  G A L A X Y  SAMPLE  

he postage-stamp images of all 35 visually confirmed z> 6 H α

mission line candidates are provided in this appendix and are shown
n Fig. A1 . 
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igure A1. Cutouts of the multiwavelength imaging centred on the F466N and F
Section 4.2 ), and visual inspection (Section 4.2 ) criteria. The colour bar again sho
090W , F115W , F150W , F200W , F277W , F356W , F444W , F466N, and F470N. 
470N detected sources passing the ‘excess source’ (Section 3 ), H α photo- z 
ws the range of SNR in the image cutouts for the following filters: F606W, 
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Figure A1. – continued 
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Figure A1. – continued 
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Figure B1. Left panels: Stacked posterior distributions from our BAGPIPES SED fitting results for the V -band attenuation A V for the full sample of candidate 
H α emission line galaxies (top panel) and for the F356W-selected z ∼ 6 sample ((lower panel). In both panels the full sample distribution is shown (solid black 
line) along with this sample separated by stellar mass (colour lines – see legend) and the distribution generated directly from the priors (black dashed line). The 
vertical black dotted line represents the median of the stacked posterior distribution for the V -band attenuation A V . Right panels: The same as the left panels 
but for the ratio of the SFRs measured o v er 10 and 100 Myr respectively: SFR 10 / SFR 100 . This time, the vertical black dotted line represents SFR 10 / SFR 100 = 

1 (showing continuous SFR o v er 100 Myr). 
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PPENDIX  B:  TESTING  T H E  I M PAC T  O F  

R I O R S  O N  T H E  D E R I V E D  SED  PA R A M E T E R S  

o ensure that our SED fitting results were not being driven by the
hoice of input priors, we considered the stacked and normalized 
osterior distributions for the dust attenuation, A V , and for the SFR
atio, SFR 10 / SFR 100 . These are shown in Fig. B1 . 

Specifically, we obtained the stacked and normalized posterior 
istributions for A V and for the SFR ratio ( SFR 10 / SFR 100 ) from
ur H α emission line galaxy sample, and then also separated this
nto the following stellar mass bins (defined using the median of
he stellar mass posterior distribution): (i) log 10 ( M � [ M �]) < 8.3; (ii)
.3 < log 10 ( M � [ M �]) < 9.0; and (iii) log 10 ( M � [ M �]) > 9.0. These
ass ranges were chosen to capture roughly the same number of H α

andidates in each mass bin (13, 13, and 9 galaxies, respectively) to
imit biases due to low number counts. The results can be found in
he upper panels of Fig. B1 where we plot the distributions in A V 

nd in log 10 (SFR 10 / SFR 100 ). 
For A V , we observe a posterior distribution which peaks sharply 

round A V ≈ 0 . 2, with a median A V = 0 . 23. This is substantially
ifferent from the input prior distribution which was flat o v er the
ollowing range: 0 < A V < 4. For the SFR ratio, we observe the
eak of the stacked posterior distribution to be abo v e unity. This
ells us that our sample of sources exhibit, on average, ele v ated
tar formation in the last 10 Myr with respect to the previous
00 Myr, with median SFR 10 / SFR 100 ∼ 2.7. When we separated 
he sample out by stellar mass, we found that the lowest stellar-

ass bin exhibits a posterior distribution for SFR 10 / SFR 100 sys- 
ematically higher than for the higher stellar mass bins and the
verage of the full sample. In all cases, but especially at lower
asses where the input data is typically of lower SNR and there-

ore more likely to be influenced by choice of prior, the derived
FR ratio distributions differed significantly from the input prior 
istribution. 
We repeated the same analysis but for our F356W-selected z∼

 sample; these results are shown in the lower panels of Fig. B1 .
rom this, we found that the stacked posterior distributions for A V 

ere largely similar to the H α sample, but with a lower median
alue of A V = 0 . 15. The SFR ratio distributions were broader in
hape (signifying the increased difficulty in constraining recent SFR 

ithout the narrow-band H α measurement) with a lower median of 
FR 10 / SFR 100 ∼ 1.3 (closer to a constant SFR). The lowest stellar 
MNRAS 541, 1348–1376 (2025) 
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ass bin is still peaked towards higher SFR 10 / SFR 100 but much less
o than what is observed for our H α sample. 

Overall, we concluded from this analysis that our SED fitting
as able to derive reliable output parameters that were not driven
y the input priors. The trends observed in these parameters, and
NRAS 541, 1348–1376 (2025) 
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